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METHODS AND APPARATUS FOR PRESENTING INFORMATION TO A
USER OF A COMPUTER SYSTEM

FIELD OF THE INVENTION .

The present embodiments of this invention generally relates to graphical user
interfaces, and more particularly, to systems and techniques which present -
relationships between represéntaﬁons of objects displayed as icons within a. graphical.

user interface.

BACKGROUND CF THE INVENTION - - R

A typical computing system provides a graphical user interface (GUI) which.
allows users of the computing system to interact with the computing system and its -
associated software applications, filesystem(s), data, devices and/or pexipherals. In ,
many cases, a graphical user interface also-provides.s representation of remote.
computer systems and/or devices coupled to-computer systems on a network viaa
graphical view of thosé remote computer systems and devices. The Windows series .
of operating systems (e.g., Winidows 95, Windows 98, Windows NT, Windows 2000
and Windows CE, collectively referred to herein as Windows), manufacturuser
interface to include any sub-folders icons or file icons that exist hierarchically below
or “within” the open folder. The user may continue to navigate the file system by
opening sub-folders in this manner, which causes Explorer to further open or
“expand” these sub-folders into other lists of sub-folder and/or file icons.

A user may also close an “expanded” folder icon by clicking on an open folder
icon. Closing an open folder in this manner causes Explorer to re-display the
graphical user interface so that the graphical user interface no longer contaiﬁé the sub-
folder and file icons that appeared hierarchically below the formerly open folder. In

other words, when a user closes an open folder icon, Explorer hides the icons (folders

and/or files) that appear hierarchically below the open folder icon.

A user may elect to arrange a list of icons that Explorer displays according to
certain pre-defined user selectable views. For example, the user may elect to have an
application use a graphical user interface to present icons in a particular view, such as
alphabetically, by creation date, by size, by author, and so forth. If a user elecfs to

arrange a view of icons based on one of these attributes, Explorer consults
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information concerning each file or directory shown as an icon in the graphical user
interface and then sorts the list of icons based on the user selected attribute. Then,
Explorer displays the sorted list of icons according to the user selected attribute (e.g.,
size, date, etc.) within the graphical user interface. Explorer displays the sorted list of

icons in a separate window for viewing by a user. ' ;

SUMMARY OF THE INVENTION _

Software applications and computer systems that provide conventional = .
graphical user interfaces are quite limited in their ability to represent multiple
relationships between objects which those prior art interfaces represent as icons. For
example, prior art graphical user interfaces such as Windows Explorer are limited to
displaying icons (representing files and folders) that:-are arranged in a hierarchical
format. This is'because designers-have developed Windows Explorer and other. - ..
similar graphical user interface-based applications over mzny years totake into . . . .
account the parent - child data relationships that exi st botween files and folders =
(directories) in a file'system.” The:Explorer; graphical user interface, for example, is
highly adapted for displaying hierarchical file:system data.. Ifa group of data
elements is arranged in a non-hierarchical format, a graphical user interface such as
Windows Explorer cannot easily represent such data. For instance, if data elements
are arranged many-to-many, an application using a hierarchical-based graphical user
interface will have difficulty trying to graphically represent such relationships. This
limitation causes an application using a prior art graphical user interface to only be
able to represent a limited number of relationships within the graphical user interface
at one point in time. '

For example, a user may be able to view a prior art graphical user interface to
determine what elements are hierarchically related above and below a specific
element, but the user may have difficulty determining other relationships concerning a
specific element by viewing the same part of the graphical uéer interface at the same
time. As an example related to a file stored in a file system on a disk, using only one
view of a prior art graphical user interface at one point in time (i.e., without re-
navigating and without re-displaying the. graphical user interface ), a user may not be
able to simultaneously determine the following relationships: 1) upon which disk the
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file is located, 2) upon which volume within the disk the file is stored 3) an operating

system type of that file and 3) what other operating systems types exist for other files
stored on that same volume or on other volumes or on other disks and 4) what other
volumes exist on that same disk or on other disks. As will be explained, the
embodiments of the invention provide a graphical user interface for use by an
application (or an application that provides a graphical user interface of the
embodiments of this invention) that conveys such relaﬁonshipé to a user in a concise
format that does not require the user to nawgate (e.g., via scrollmg) to many different -
parts of a graphical user mterface to determme these types of relatlonshlps In other |
words, embod1ments of the mventlon equlp ‘an apphcatlon with a graphmal user
interface that allows a user to overlay mult1ple relatlonshlps on top of one another so -
that the user can determme and view the relahomhps at the same time in the ‘same
view of the graph1cal user mterface prov1ded m accordance w1th the embochments of

this mventlon.

Another pfoolem with conventional graphicai user interfaces is that they do = -~

not support the representatlon of “recursxve hierarchies or multiple instances of the
same iconin a smgle GUI That i 1s known graphmal user interfaces do not permit an
icon that represents a smgle element (e.g., file or folder) to be represented in the prior *
art graphical user interface in more than one place at the same time. A prior art
graphical user interface cannot display.é file icon, for example, in multiple places
within the graphica.l user interface. As used herein, a “recursive” hierarchy can be
one, for example, in which both a parent folder and in one or more child folders below
the parent folder contain an icon that represents the same object (or descriptor or data
structure). As another example, a recursive hierarchy might display two branches of
child-icons below a parent icon (e.g., a root icon) and each of the two child-icon
branches might contain an icon that represents the same object. Such an example of a
recursive hierarchy as provided in the éembodiments of this invention might also be
consider an ability to display arbitrary relationships that need not be hierarchical in
nature. Conventional graphical user interfaces do not generally allow such
representations of data and are largely limited to hierarchical displays. The
embodiments of the invention, however, do support and provide such diverse

representations which can be used to depict many-to-many relationships, for example.
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Prior art graphical user interfaces provide mechanisms such as “shortcuts” that
a user may place in various portions of a prior art graphical user interface. These E
operate simply as a pointer to the file and the user must pro-actively and manually
place the shortcut copies into different locations. They are not, in the prior art,
created in an automated manner in response to a user seekmg to discern a.relationship
(via selecting a relatlonshxp function, as will be explamed) between objects by o
manipulating the GUL By way of example a user cannot select a conﬁguratlon by
which to v1ew a prior art grapmcal user mterface that causes a shortcut to be
automatically placed in multlple places w1th1n the graphwal user interface.

Such limitations (e g., not bemg able to show “recurswe” hlerarchles and no
automatic creation of icons representmg relatlonsh.tps) in the pnor art graphlcal user
interface systems helps to ensure con31stency m data representanon and access and U
prevents, for example, a user from endlessly. nav1gat1ng a recursive or repeating o
“path” through a file system. However, these 11m1tat10ns of prior arts systems also S
significantly limit the relat1qns{}nps that 'aﬁpgqr art graphlcal user interface can h
represent. . . .. - : S
Another problem that is apparent m pnor art graphlcal user mterfaces is the1r
inability to concisely represent long lists of icons. For example, 1f a user opens a
folder icon which contains hundreds of files, a pnor art graphxcal user interface w111
represent each file as a single icon. Such a long list of icons qu_icldy fills a large
portion, if not all, of the viewable area in a graphical user interface. Since the size of
a computer display upon which an .application displays a graph1ca1 user interface is
limited (e.g., typical computer display sizes range from fifteen to twenty—one mches), :
a user can become quickly confused as to “where” he or she is “in” a graphical user
interface view of a file system. For example, if a user begins to scroll threugh a long
list of hundreds of icons, a prior art graphical user interface is limited in its ability to
convey to the user where that icon list “exists” within the hierarchy of the file system
once the user has scrolled any hierarchy indication information off of the ‘viewable
area of the graphical user interface. Thus, when a user first expands an icon to -
produce a long icon list, the user may have an indication as to where this list of icons
resides in relation to the hierarchy of the file system. However, once the user begms

to scroll the icon list looking for a particular icon of interest in the list, the graphical
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user interface quickly scrolls the folder icon that was opened or exparrded to produce
the icon list off the display. After a few moments, the user may be unable 10
determine where the icons that the user is viewing (i.e., the long list) exist within the
hierarchy, and the user must rely on his or her memory to recall the hierarchical”
position of these icons (files or folders) in the file system. A window may provide a
scroll bar that offers some indication of where the user may be in a list of icons, but
the position of the scroll bar often depends upon what other items in the list have been
expanded. -

The embodlments of the invention provrde a unique graphical user interface

" that s1gmﬁcantly overcomes many of the problems of prior art graphical user-

interfaces. Whrle the embodiments of the mventron are directed to'the graphlcal user
interface and the routmes procedures ﬁmctlons and processes that provrde Sudh'an
interface, any soﬁware apphca’aons that mclude a graphrcal user interfacé or routines -
that operate in accordance with the embod.lments of this invention to provrde a
graphical user mterface as explamed herem are also consrdered to be embodiments of -
this invention. ‘In brief, the embodxments of this mventron provide a graphlcal user
interface that allows recursrve hlerarchres, and allows a user to seiect multlple '
relationships to be viewed on the graplncal user interface at the same time. The’
relationships are user selectable and user - definable so that the user can tailor the
interface of the embodiments of this invention to his or her liking. This avoids having
to abide with prior art graphical user interface limitations such as only representing
hierarchical data and not being able to represent recursive data. By way of example,
using the embodiments of this invention, a particular element in a graphical user
interface can be present via the same icon in more than one position on the graphical
user interface at the same time.

The system of the invention is typically provided in a computer system having
a memory system and a display that drsplays a graphical user interface. Using such a
computer system, the embodiments of this invention provide methods for presenting
relationships between objects to a user of the computer system. In one configuration,
a method embodiment comprises the steps of displaying a plurality of icons on the
graphical user interface and receiving a user selection of an icon from the plurality of

icons. The user may selects icons, for example, via a pointing device such as a
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mouse, keyboard, joystick, voice commands or any other type of user input device.

The method of this embodiment receives a relationship selection selected by the user

that corresponds to the icon selected by the user and performs a relationship function
identified by the relationship selection selected by the user. As will be explained

further, the graphical user interface of the embodiments of this invention presents‘ |
relationship selections to the user that can vary depending tlpon the stateot‘ the

graphical user interface. The relationship functlon is performed upon a descnptor

(one or more) in the memory system that is related, according to the relat10nsh1p
selection, to the icon selected by the user.- The relatlonshlp function produces a '
display result that mcludes an arrangement 1con that represents a newly dlsplayed _
relationship to the icon selected, by. the user., The arrangement icon mcluded in the ‘ o
display result thus provides a graphrcal v1ew of a newly vxsrble (i.e,on the graplncal
user interface) relationship that is related to one or more, icons that are related to the - .
icon originally selected by, the user, I’he methed also" rncludes the step of dlsplaymg a o
representation of the display result in the graphxcal user, mterface on the drsplay -

In some embodxments user. se,lectable relatlonshlps can be dynam1cally
determined at runtime and the relatlonshlp functlon speclﬁed by the selected
relationship can produce a display result that is rendered into a graphlcal user
interface that allows such things as recursive hxerarchles The system also allows
multiple relationships to be displayed in one section of the graphwal user interface at
one time, thus saving graphical user interface space and allowing a user to gain
additional information from viewing the multiple relationships at one point in time.

In another configuration, the interface provided by the embodiments of this
invention displays a hierarchical configuration of object icons and arrangement icons
on the graphical user interface. Each object icon represents a respective object
descriptor within the memory system and eaeh arrangement icon represents a
respective arrangement descriptor within the memory system and each arrangement
descriptor also represents at least one relationship between certain of the object
descriptors within the memory system. The arrangement descnptor can thus serve
various purposes in the interface such as providing groupings to which objects

presented within the interface can be members.
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In one configuration, each ohject descriptor and each arrangement descriptor
are maintained in a descriptor trc¢e, and arrangement descrlptors defined in a first level
of the tree serve as group arrangement descriptors. To this end, the embodiments of |
this invention maintain descriptors in memory that represent icons. Actual objects
that the graphlcal user interface of the embodlments of the invention is to graphxcally
convey to users are represented in memory via object descnptors which are then
graphically rendered as object 1cons For example, in the context of a software
application that includes a graphrcal user mterface of the embodlments of this
invention that is used to manage a storage system, objects rmght include such thmgs J
as storage systems disks, volumes, files, and/or dlrectors used to &ontrol volumes -
within a storage system, or other network devwes such as hosts swnches or the hke o
The embodJments of the mventlon use arrangement descnptors however to store o
relatlonshlp mformauon concermng relatronshlps between Ob_] ects (represented in
memory by thelr respect1ve ob_]ect descnptors) An example arrangement descnptor
that might perhaps ex1st in the context of a storage management soﬁware apphcatxon .
is an arrangement descnptor that represents a partxcular operatmg system type Such
an arrangement descnptor may be oonsrdered a group for its operatmg system type. |
Members of the group mlght be various object descnptors that represent volumes for
example, that contain (e.g., store) data or files generated by the operating system type
associated with the group arrangement descriptor.. Those object descriptors are said
herein to be a “member” of that group. '

Returning now to the summary of the method embodiments of this invention,
in another configuration, the step of receiving a relationship selection selected by the
user includes the steps of dynamically determining a set of relationships that are
applicable to the icon selected by the user and displaying the set of relationships on
the graphical user interface in a relationship selection menu. The method also
includes the step of allowing the user to select the relationship selection from the set -
of relationships displayed on the graphical user interface. Since relationships can be
dynamically determined, changing configurations of data can be reflected by
changing relationships that are presented to the user for selection.

In yet another configuration, the step of dynamically determining a set of
relationships that are applicable to the icon selected by the user includes the steps of

R e
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determining an 1dent1ty ofa descnptor in the memory system that corresponds to the
icon selected by the user. The method also includes the step of determining a list of
selected icon child descriptors related to the descriptor in the memory system that
corresponds to the icon selected by the user. This step essentrally identifies the
children of the selected icon (though they may not yet be dlsplayed on the graphlcal
user mterface) Then for each selected icon ch11d descnptor in the list of selected
icon child descnptors the method determmes a list of group arrangement descnptors
in the memory system that mclude a relation to that selected i 1con child descrrptor
Thus, if a selected icon references a group viaa child pomter or reference that group
is added to the list of group arrangement descnptors The method then createsa
relationship selectlon in the set of relatlonshrps for each umque group arrangement
descriptor exrsung in the hst of group arrangement descnptors for each selected icon

child descriptor. In thrs manner, the user 1s able to select relat10nsh1ps for an element

based upon the groups tO whrch that a partxcular element (represented via 1ts icon) i isa

member. .
In another conﬁguratron, the step‘ of performmg a relatronsh1p functron

includes the steps of determmmg a group arrangement descnptor in the memory

system that corresponds to the relatlonshlp selection selected by the user. There may
be one or more than one group arrangement descnptor that corresponds in this
manner., The method also determines a list of group ch11d descnptors related to the
group arrangement descriptor in the memory system that corresponds to the
relationship selection selected by the user. Thus, the children descriptors of a selected
jcon are determined. With this information, the method continues by creating a sub-
list of child descriptors that depends h1erarch1cally from the descriptor in the memory
system that corresponds to the icon selected by the user. The sub-list of child
descriptors includes a reference to each group child descriptor in the list of group
child descriptors. The method also includes the step of producing a display result that
includes icons corresponding to each child descnptor in the sub-list of child
descriptors. In this manner, a user selects a relatronshrp that corresponds toa group to
which the user selected icon is a member. Then, a display result is produced that
includes child descriptors (i.e., children icons) from the group corresponding to the

user relationship selection that reference (i.e., a related to) children icons of the user
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_selected icon. In this manner, a user can select an icon and can decide with which

groups to organize this icon. Since multiple groups may each contain a reference to a
single icon, the graphjcal user interface of the embodiments of this invention allows
an icon to appear in multiple places. -

In another configuration, the step of creating a sub-list of child descriptors
includes the step of, for each selected icon child descriptor in the list of selected icon
child descriptors, determining-uvhich group child descriptor in the list of group chrld
descriptor contains a relation to that icon child descnptor and addmg that group child
descriptor to the sub-list of child descnptors

In another conﬁguratron, the step of determmmg a hst of group arrangement i
descriptors in the memory system that mclude a relatron to that selected icon chrld
descriptor determmes a list of group arrangement descnptors in the memory system

that include a relation to that selected icon child descnptor other than an arrangement |

descnptor correspondmg to the i icon selected by the user ‘Thrs way, 1f a user mrtrally o

selects an arrangement 1con upon whrch to apply a relatlonshrp, the user w111 not be
presented with a sub-lxst of icons that mclude a reference to the arrangement 1eon
selected by the user. o

As opposed to embodrments of the mventlon that provrde dynarmc
determination of relationships, the embodrments of the invention include
embodiments that can also present static relationships to a user. According to such a
configuration, the step of receiving a relationship selection selected by the user
includes the steps of determining an identity of a descriptor in the memory system that
corresponds to the icon selected by the user and determining a set of relationships
identified within the descriptor that correésponds to the icon selected by the user. The
set of relationships may be hard-coded, for example,- into the descriptor corresponding
to the user selected icon. The method also displays the set of relationships on the
graphical user interface and allows the user to select the rdatiorﬁhip selection from
the set of relationships displayed on the graphical user interface.

In another configuration, the step of determining a set of relationships
identified within the descriptor that corresponds to the icon selected by the user
includes the steps of identifying object properties of the descriptor in the memory
system that corresponds to the icon selected by the user. Such properties may indicate
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many things about an object, for instance, under control of an application that
provides the graphical user interface of the embodiments of this invention. The
method also creates a relationship selection in the set of relationships for each unique
object property identified in the descriptor in the memory system that corresponds to
icon selected by the user. '
According to another configuration, the step of performing a relationship
function includes the steps of determining a list of selected lcon child descriptors
related to a descnptor in the memory system that corresponds to the icon selected by
the user. Thls essentially determines the children of the selected icon. Thenthe
method sorts the hst of selected i icon chrld descnptors based on at least one property
of each selected 1con chrld descnptor The property corresponds to the relatronshrp
selection selected by the user Based on the step of sortmg, the method produces a ‘
sub-list of chrld descnptors that depend hrerarchrcally from the descnptor m the '

memory system that corresponds to at 1eaSt one icon selected by the user. The sub-hst e

[UOR SRV
r,L‘ Mo

of child descnptors mcludes at least one ‘zﬁarrangement descnptor correspondmg to the
property correspondmg to the relatlonshrp selechon selected by the user "The method
also produces a display result that includes icons for each ch11d descnptor in the sub-
list of child descnptors In this manner, properties of icons (descriptors which the
icons represent) can be usedasa basrs for relatronshlps tbat can be s1multaneously
viewed.

According to yet another conﬁguranon, the relationship selected by the user
indicates that the user desires to sort by name a list of selected icon child descrrptors
that relate to a descriptor in the memory system that corresponds to the icon selected
by the user. In this technique, the step of sorting condenses the list of selected icon
child descriptors into the sub-list of child descriptors based on a name of each selected
icon child descriptor and based on a total number of selected icon child descriptors. '
The sub-list of child descriptors has less descnptors than the list of selected icon child
descriptors. Thus the resulting d1sp1ayed list is shorter that the ongmal d1splayed list.
The sub-list of child descriptors includes at least one child descriptor that is an
arrangement descriptor that represents more__than one selected icon child descriptor

and that may be expanded to produce a display result that shows each selected icon
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child descriptor which that arrangement descnptor represents. In thlS manner, the
embodiments of the invention prov1de a condensed version of a list of icons.

In another arrangement of the embodiments of the mventlon the techniques
outlined above can including the steps of receiving a user selection of an icon to
expand within the plurality of 1cons displayed on the graphical user interface and
determining an identity of a descrlptor in the memory system that corresponds to‘the -
icon selected to expand. Next, the method determines a sub-list of selected icon child
descriptors related to the descrxptor in the memory system that corresponds to the icon

selected by the user and produces a display result that includes icons for each selected

" icon ch11d descriptor in the sub-hst of selected i icon child descriptors This allows a

user to expand an icon to see other relationships on the graphicai user interface.”

In another conﬁguratlon the relationship selection selected by the usér :
specifies a groupmg by which to arrange the icons related to the icon selected by the
user and the relat:lonsh1p functlon produces a display result contaimng wons arranged'
according to the speciﬁed groupmg v R ‘ ' '

In yet another conﬁguratlon, the drsplay result mcludes a sub-list of at least
one icon, and the sub-hst of the i lcon mclude an icon for each value of the spemfied
groupmg to which a ch1ld descnptor of a descrxptor related to the icon selected by the
user belongs. - '

In another configuration, the graphical user interface is provided by a storage
system management application and certain icons displayed on the graphical user
interface represent entities re1ated to a storage system and certain other icons identify
relationships between certain entities related to a storage system.

In yet another configuration, certain icons within the graphical user interface
identify relationships between operating system types and locations of entities related
to a storage system.

The embodiments of the invention also provide a configuration in which the
relationship selection selected by the user indicates that the user desires to sort by
name a list of selected icon child descriptors that relate to a descriptor in the memory
system that corresponds to the icon selected by the user. In this instance, the step of
performing the relationship function condenses the list of selected icon child

descriptors into a sub-list of child descriptors based on a name of each selected icon
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child descriptor and based on a total number of selected icon child descriptors. The
sub-list of child descriptors has less descnptors than the list of selected icon child
descriptors. The relationship function in this case produces a drsplay result that
includes icons corresponding to descnptors in t_he sub-list of child descnptors The
sub-list includes at least one child descnptor that is an arrangement descnptor that
represents more than one selected icon child descriptor and that may be expanded to
produce a display result that shows each selected icon child descnptor which that
arrangement descnptor represents This allows more condensed v1ew1ng of the
graphical user interface of the embodxments of this invention.

In another conﬁguratlon, the relatlonshlp selectlon selected by the user
specifies a condense relatlonshrp functlon to dlsplay a condensed view of a sub-hst of
icons that depend from the i icon, selected by the user and the step of performmg a
relationship ﬁmctlon performs the steps of determmmg that a number of 1eons to be

displayed below the i icon selected by the user exceeds a predetermmed number and
condensing the pumber of icons to be dhsplayed into ‘alhst'of senes arrangement 1eons o
and prov1dmg the eondensed hst of senes arrangement 1cons m the dlsplay result ‘

In another conﬂguratlon, the step of condensmg mcludes the steps of
computing the square root ofa tota.l number of i icons to be dlsplayed and prov1dmg,
the display result, a number of series arrangement icons equal in number to the square
root of the total number of icons to be displayed. The configuration also determines if
the square root multiplied by the square root is less than the total number of icons to
be displayed, and if so, provides one extra series arrangement icon to be drsplayed in
the display result.

According to another embodJment of the invention, a method for
simultaneously d.1splaymg multiple relationships between entities managed by a
software application is provided. The method comprises the steps of maintaining, in a
memory system, a plurality of object descriptors each representing an entity managed
by the software application and displaying, on a graphical user interface, at least two
arrangement icons that mclude a relatlonshlp to a common object descriptor. This
method also includes the step of dlsplaymg, on the graphical user interface, an object
icon representing the common object descriptor, the object icon displayed in relation

to the at least two arrangement icons that include the relationship to the common
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object descriptor in order to convey to a user of the graphical user interface that the at
least two relatlonshrps represented by the arrangement icons relate to the object icon.
In another configuration, the step of drsplaymg, ona graphical user mterface
the at least two arrangement icons drsplays the at least two arrangement 1cons '
hierarchically under the object icon representmg the common object descriptor. In
this configuration, the method further mcludes the steps of receiving a relationship
selection selected by the user that corresponds to one of the at least two arrangement
icons and in response to the step of receiving a user selection of a relationship, |
expanding the one of the at least two arrangement 1cons to produce a sub-list.of icons
that are related to the common ob_]ect 1con based upon the relatlonsh1p selected by the
user. T '
In another conﬁguratron, the method mcludes the step of drsplaymg, ina
common hlera.rchy of the graphrcal user mterface an icon representmg a descnptor SR
twice, such that the common h1erarchy isa recursrve h1erarchy '
Aocordmg to another embod.lment, ina computer system havmg a memory
system and a dlsplay that drsplays a graphrcal user mterface a method is prov1ded
according to the embodiments of this invention for presentmg relatlonshrps between
icons to a user of the computer system This method embodiment compnses the steps
of displaying a plurality of icons in the graphrcal user interface on the display and
receiving a user selection of an icon from the plurahty of icons. Then, the
embodiment of this invention receives a relationship selection selected by the user
that corresponds to the icon selected by the user. The system of this embodiment then
performs a relationship function identified by the relationship selection selected by
the user. The relationship function is performed by the system upon a descriptor in
the memory system that corresponds to the icon selected by the user. The relationship
function produces a display result that includes a modified appearance of an icon that
is different than the icon selected by the user but that-.corresponds to the descriptor in
the memory system that corresponds to the icon selected by the user. The system then
displays a representation of the display result in the graphical user interface on the
display. ’
In this manner, a user can select an icon and chose to manipulate this selected

icon in some manner according to a selected relationship. The relationship function
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performed on this icon causes at least one other icon on the graphical user interface to
be modified as per the relationship flmction as yvell In this embodiment, the other
icon that gets modified represents the same descnptor (e.g., the same object) as the
icon selected by the user. Orin other words an Ob_] ect displayed as an icon m
multiple places (as allowed in the embodrments of this invention) that a user selects
can be modified, and this modification is automatically conveyed in other places
where this icon is displayed,x without the user havlng to m_anually modify each
instance of the icon. | . | .

Accordmg to another aspect of thrs embodunent, the relatlonshlp functlon
identified by the relattonshrp selectlon selected by the user corresponds to at least one |
of a move, add, copy, modrij and delete relatlonshlp function that is performed on the
icon selected by the user. _The modlﬁed appearance produced in the dlsplay result )
indicates the result of the relatlonshlp functron upon the icon that is drfferent than the
icon selected by the user but that corresponds to the descnptor in the memory system
that conesponds to the icon selected by the user Thus, 1f a user for mstance deletes
an icon from a sub-hst of icons, the relauodshrp created as a result of thrs actron ca.n
be conveyed, for mstance, by removmg the same 1con located elsewhere on the )
display (perhaps in a group to whlch that 1con s correspondmg ob_]ect is/was related
before being deleted) Thus if a user moves adds, copies, modifies or otherwise
manipulates the relatlonshrps assocrated with an object via that objects icon, other
instances of that objects icon on the display, if affected by such a relationship change,
will be automatically updated by the embodiments of the invention.

Other embodiments of the invention include a computer system comprising a
display, a memory system, a processor, a_nd a bus connecting the display, the
processor and the memory system. In this configuration, the memory system is
encoded with an application that when performed on the processor, causes the
processor to provide a graphical user interface on the display of the comptrter system.
The graphical user interface displays a plurality of icons on the graphical user
interface to a user of the computer system and receives, via a user input device
coupled to the bus, a user selection of an icon from the plurality of icons and further
receives, via the user input device, a relationship selection selected by the user that

corresponds to the icon selected by the user. When the application is further
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performed on the processor, the application causes the processor to perfonn a
relationship function ldentrﬁed by the relatronshrp selectron selected by the user. The
relationship function operates upon a descnptor in the memory system that is related,
according to the relationship selectron, to the icon selected by the user. The
relationship function produces a display result that conveys the relationship selection
and that includes an arrangement icon that relates to the icon selected by the user and
the processor displays a representation of the dlsplay result in the graphlcal user
interface on the dlsplay

Other embodiments include a computer system conﬁgured to perform all of
the aforementioned methods via soﬁware control or via hardware conﬁgured to
perform those methods and the techmques dJsclosed herem as the embodrments of the" o
invention. i e ‘ o

Other arrangements of the embod.rments of the mventron that are dxsclosed e
herein, mclude soﬁware programs to perform the operatlons summanzed above and
disclosed in deta.ll below 'More partrcularly, a computer program product is disclosed :
which has a computer-readable medium mcludmg computer program log1c encoded ‘
thereon to provide the graphlca.l user mterface of the embodrments of this invention
and its associated operations. The computer program logrc when execiited on at least
one processor with a computing system, causes the processor to perform the
operations indicated herein. This arrangement of the embodiments of the invention is
typically provided as software on a computer readable medium such as an optical,
floppy or hard disk or other such medium such as firmware in one or more ROM or
RAM chips.  The software can be installed onto a cornputer system to cause the
computer system to perform the-techniques explained herein as the embodiments of
the invention.

It is to be understood that the system of the embodiments of the invention can
be embodied strictly as a software program, as soﬁware and hardware, or as hardware
alone. '

An example implementation of the embodiments of the invention that
incorporates many of the aforementioned embodiments and those explained further
below is the graphical user interface which is incorporated and provided as part of the
EMC Enterprise Control Center (ECC), Java Edition, software. ECC is a software
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program that is manufactured by EMC Corporatlon of Hopkinton, Massachusetts
U.S.A. Typically, a system or network manager uses ECC, via a graphlcal user
interface (GUI) that is similar to the embodiments explained herein, to manage

storage systems and other devices in a networked computing system environment.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other obJects features and advantages of the mventron will
be apparent from:the followmg more particular description of preferred embodrments |
of the mventlon, as 111ustrated in the accompanymg drawmgs in wh1ch like reference
characters refer to the same, parts throughout the dlﬂ‘erent views. The drawmgs are o

. not necessarily to scale with emphasrs mstead bemg placed upon illustrating the

embodlments prmclples and concepts of the mventlon

Flg 1 ﬂlustrates an example networ_hed computmg system and storage system
envu'onment that is surtable for use m descrrhmg example operatlons of a graphmal |
user mterface conﬁgured accordmg to the mventxon .

Flg 2 111ustrates a dlsplay ofa graph1ca1 user mterface that is conﬁgured
according to an example of the embodtments of the mventlon

+ Fig. 3 illustrates how a user can select a relatlonshrp selectlon by which to
view the graphical user interface configured according to an example of the
embodiments of the mvennon. ‘- | | . ‘

Fig. 4 illustrates a resultmg graphrcal user mterface configured according to
this invention that is produced from the user interaction illustrated in Fig. 3.

Fig. 5 illustrates how, accordmg to this invention, icons produced in the
transition of the graphical user interface.from Fig. 3 to Fig. 4 can be further expanded
to view other icons and relationships between those icons.

- Fig. 6 ﬂlustrates a long list of icons that the system of the invention can
condense according to a relatlonshlp function provided by embodlments of this
invention. _

Fig. 7 illustrates how a user can select a specific relationship function to
condense a large list of icons accordin'g to embodiments of this invention.

Fig. 8 illustrates a resulting condensed view of the graphical user interface of

this invention in response to the user relationship selection in Fig. 7.
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Fig. 9 illustrates an e)'cample internal areﬁitecuire of a computer system
configured according to an embodiment of this invention.

Fig. 10 illustrates an example of the content of object descriptors and
arrangement descriptors according to one embodiment of this invention.

Fig 11 is a flow chart of the processing steps carried out by a software
application to prov1de a graphical user interface according to one embodiment of tlus
invention,

Fig. 12isa ﬂow chart of the processmg steps performed accordmg to- one
embodiment of this’ mventlon to present relatlonshlp selectlons to a user and to
retrieve a relanonshlp selection from a user. Lo o o

Fxg 13 is a ﬂow chart of the processmg steps performed accordmg to one - }
embodlment of tb1s mventlon to perform a relatlonshlp ﬁmctlon that produces a o
d1splay result based ona relatlonshlp selectlon made by a user "

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS a )

Embodlments of the mventlon relate to umque mechamsms and techmques for
displaying representations (e. g 1cons) of data objects and for manipulating and
viewing relatlonshlps between those representations of data objects using a unique
graphical user interface prov1ded on a display coupled to a computerized device. - The
graphical user interfaces and graphical user interface operations provided by
embodiments of this invention advanced the state of the art in many ways by allowing
the user to conveniently view and manipulate representations of data objects that are
hierarchical, as well as those that are not strictly hierarchical. The embodiments of
the invention also allow a user of the graphical user interface to define howhe or she
desires to view relationships between objects that are not hierarchically related in a
display format that mimics a hierarchy. The user can thus create relationship views of

objects that are overlaid with one another within the hierarchical view.

Example Embodiments of the Invention:

This embodiments of the invention are best explamed by first presenting an
example of a networked computing system and storage environment (Fig. 1) that is
suitable for use in explaining example operations of the embodiments of the
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invention. The description of this example is then followed by a number of
screenshots (Figs. 2 through 7) of an example management application that
incorporates embodiments of the'graphical user interface of the embodiments of this
invention to allow a user to navigate and manage objects (computing systems,
associated devices, data, ﬁles storage systems, network segments, ancl so forth)
within the context of the example computmg and storage system envuonment
prov1ded in Fig. 1. |

Fig. 1 ﬂlustrates a networked computmg system and storage environment 100
that is smtable for use m prov1dmg detmled example descnptlons of operations of the
embodiments of the mventlon The networked envn'onment 100 includes network h
connections 170-1 through 170-3 whlch mterconnect w1th a number of host ‘
computing systems 110 120, 130 a.ud 140 Connectlon 180 couples a number of
shared storage systems 150-1 through ISO-M to the computmg system 110 Each

Ny v

storage system 150 includes a number du'ectors 155-1 through 155-P and a number of

storage volumes 160-1 through 160-N The host computmg system 110 operates asa

server for the data maintained w1thm volumes 160 on the storage systems 150. The
shared storage systems 150 may be, by way of example only, Symmetnx disk storage
systems manufactured by EMC Corporatlon of Hopkmton, Massachusetts U.S.A.
The computing systems 110 through 140 can access the various volumes 160-1
through 160-N within each storage system 150 over the network connections 170 to A
store and retrieve data. | | _ A

The host computing system 1 10; which is shown m a bit more detail than hosts
120, 130 and 140, includes a central urocessing unit 110-1, a user input device 110-2
which is a hand-operated mouse or other pointing device in this example, an memory
system 110-5 (shown in this figure, but typically contained within the computing
system 110 itself), and a display 110-3 (e.g., a computer monitor) that disulays an
output of a graphical user interface called a Graphical Relationship User Interface or
GRUI 200 that is configured according to the embodiments of the invention. A
management application 115 (i.e., a software program) resides in the memory 110-5
within the computing system 110 and provides the GRUI 200 as an operational
interface to the management application 115. A user (i.e., a network or systems

manager or administrator, not shown) can interface with the GRUI 200 on the |
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computing system 110 to Icom:rol the manégement aplslication 115 to manage the
various objects (storage systems 150, and possibly computing systems 110 through
140) shown in Fig. 1. More specifically, the user can manipulate the input device
110-2 to maneuver and control a pointer 110-4 on the displey 110-3 to operate the
GRUI 200 according to mechanisms and techniques prov1ded by the embodiments of
the invention as disclosed herein. _ N

It is of particular interest to this examisle discussion that the computer systems
110, 120, 130 and 140 operate using a v"ariety of different operating systems.and/or .
computing architectures. In this example the deferent operatmg systems include
Unix (computmg systems 110 and 120) Wmdows N'l (oompuung system 130) and
MYVS (computer system 140). Since each computmg system 110 through 140 -
operates usmg a different operatmg system, a systems manager/user can, for example
use the management apphcatlon 115 on the compuung system 110, via the GRUI 200,
to conﬁgure spec1ﬁc file systems (not specnﬁcally shown) on each volume 160 i in each ‘
storage system 150 for usé by the different operatmg system types. By way of o -
example, volume 160-1 in storage system 150-1 might contain a Unix file system for
use (i.e., access) by computing systems 110 and/or 120 (Umx-based computers),
while the computing system 130 (W indows NT-based) may require and use a
Windows NT file system that the systems manager might create on volume 160-2. A
systems manager may configure other volumes 160 within the various storage

‘systems 150 in a similar manner for access by MVS-based comphﬁng system 140, or
other operating systems as needed. A systems manager may also use the GRUI 200 to
view.and manipulate the configuration of the directors 155 in a similar manner.

For this example discussion, it is also of interest to note the layout of the
network connections 170-1 through 170-3 in the environment 100. In this example,
computing system 120 directly connects only with computing system 130, while
computing system 130 only directly connects to computing systems 120 and 140,
while computing system 140 only directly connects to computing systems 130 and
110.

As will be explained in more detail, the relnﬁonshjps between the operating

" system types, volume and director configurations, and the inteiconnections between

- the computing systems are not strictly hierarchical. For example, the network
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connectlons 170 between the computing systems 1 10 through 140 form a group of
peer-to-peer networking relationships rather thana h1erarch1ca1 relationship. In many
other networking configurations, interconnections between computmg systems are
many-to-many which do not easily translate into h1erarchlcal relatlonsmps As
another example, a particular operating system type (e.g., Unix) in a particular
computing s'ysteml (e.g., 130) may require access (e.g., read/write) to a set of volumes
160 whjch may be contained within many different storage syStems 150. These
volume / compuhng system / operatmg system type relatlonsths do not lend
themselves to representauon in a h1erarch1cal manner. Embodlments of th1s mventlon
provide a graphmal user mterface (GRUI 200 in the figures) that allows auserto
view, nav1gate and mampullate both h1erarch1cal and non-hlerarchwal relatlonshlps
between any types of ob_]ects in an easy and conclse manner. -
It is to be understood that wh11e the example descnptlons of the “look-and— o

ﬂ’..x

feel” and operatlon of the graphlcal nser mterface of thls embodlment of the mventlon '
are prowded in the context of an exemple, related to the management of storage _
systems, the grapluca_ user mterface and assoclated operatmns of the embodlments of
the invention are not limited to th1$ ty'oe of apphcatlon Rather, the graphical user
interface (e.g., GRUI 200) and its assoclated operations of the embodJments of this
‘invention are applicable to (e.g., can be integrated into) most any type of software
application that requires a graphical user interface to represent various items, objects,
components, relationships and/or the like. As such, the principles and operations
explained herein as the embodiments of the invention are meant to be general in |
nature and applicable to all types of graphical user interfaces that operate in the
manner explained here. ' ' |

Now that the example computmg system and storage environment 100 has
been explained to the extent necessary for this embodiment of the invention, examples
of the embodiments of the invention in operati_on will be explained with respect to
Figs. 2 through 8 in the context of the example environment 100 explained with ‘
respect to Fig. 1. Generally, while the embodiments of the invention provides a
graphical user interface (i.e., provides code or other mechanisms that present on a
computer display the interface as shown, for example, in Figs. 2 through 8), the term
“graphical relationship user interface” or GRUI is used herein in the context of the
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following exarnples to indicate. that the embodimerts of the invention provides an
interface that can convey multiple relationships to a user. N

Fig. 2 shows an example screenshot from a management application 115 that
provides a graphical relationship user interface 200 (hereinafter called GRUI 200) that
is configured accordmg to the embodiments of this invention. In this particular
example, the management apphcatlon 115 that performs (e.g., executes, gets v
mterpreted, or otherwise operates) on the host computing system 110 in Fig. 1.
provides the GRUI 200 as a graphlcal user interface to allow a user such asa. systems.
manager to manage the various storage systems 150 shown in F1g 1. ‘The GRUI 200
includes a number of graplncally dlsplayed icons 205 and 210 that correspond to
various components and relatmnshlps between components wn:hm the storage systems
150, as will be furtherexplamed R " 2 ’

Bneﬂy, many aspects of the arrangement or “look-and feel” of the GRUI 200 ~
in Fig. 2 appear and operate much like graphxcal user mterfaces prov1ded by other '
software appheatrons For example, a4 symbol that appears to the 16ft of any jcon " -
205, 210 in the GRUI 200 indicatés that thls icon is in a collapsed state. An example
of a collapsed icon is icon 205-1. A user may “click™ (or double click) a collapsed
icon which will cause the GRUI 200 to “expand” the collapsed icon into an
“expanded” or “open” icon. A “-” symbol next to an icon indicates that the icon is in
an expanded state. An example of an expanded icon is icon 205-2, which in this
example appears as an open folder to graphically illustrate that this icon is in an
expanded or opened state. A user clicks or double clicks an icon by maneuyering the
pointer 110-4 (Fig. 1) via the user input device 110-2 (e.g., a mouse or other pointing
device) on the display 110-3 over the icon and by depressing (i.e., clicking) one or
more buttons (not specifically shown) on the user input device 110-2.

When an collapsed icon is eXpanded, the software application that controls the
GRUI 200 (in this example, the management application 115) also displays a sub-list
of zero or more other icons (e.g., icon sub-list 212, for example) underneath and
indented to the right of the expanded icon (e.g., icon 205-2). A sub-list of icons.
conveys to the user of the GRUI 200 that all icons in the sub-list are related in some
‘manner to the icon that was expanded to produce the sub-list of icons, which in the
example is icon 205-2 for sub-list 212. In other words, in this example GRUI 200,
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icon 205-2 is 1n an expanded state to show the sub-list of icons 212 that relate or
depend from icon 205-2. The iconsina sub-list are also sometimes referred to as
“children” of the icon from which they relate, while the icon ﬁom which a sub-list
depends is called the “parent” ofeachiconina sub-hst ‘

More speclﬁcally related to the embodiments of this invention, the example _ |
GRUI 200 in Fig. 2 provides a user with the ablhty to graplncally navigate through |
the configurations of the storage systems 150-1 through 150-M in Fi ig. 1. By v1ew1ng
the GRUI 200, a user.can mtmtlvely gain mgmﬁcant amounts of information

+ concerning the relatxonsths between various Symmetnx storage systems 150, as well

as their associated dlrectors 155 volumes 160 and operating system types..

] In this example, the management apphcatlon 115 maintains each i icon 205
210 asa graph1ca1 representatlon of a data structure in the memory 110-5. It is to be
understood that for the purposes ¢ of the embodlments of th1$ invention, an icon may
include a text label a graphlc 1mage, or, a combmatlon of. a text label and graphlc
image as in th.lS example That s, though most of the example icons 205 210 in thlS |
embodiment mclude text labels (one or more words or phrases adj acent to a graph1cal |
image) as well as a graphmal unages (e. g open and closed folders), an icon for the
purposes of the embodiments of this invention may be limited toa portion of text
(called a label) or a graphic alone that represents an entity (e.g., an descriptor in
memory) within a computing system as explained herein. As such, the traditional
meaning of the word “icon” as being a graphic is expanded herein to include any of
the above types of graphm and/or text information that may be displayed, printed or
otherwise rendered upon some medlum (e.g., computer monitor, printer, etc) by a
computing system.

The various icons 205, 210 in Fig. 2 represent either one of two main types of
data structures (not shown in this ﬁgure)' object descriptor data structures |
(represented by object icons 205) and arrangement descnptor data structures
(represented by arrangement icons 210). These descriptor data structures will be
explained in more detail later. For now, it is sufficient to state that the management
application 115 maintains object descriptors in memory 110-5 to store information
about an actual devices, components or other entities (e.g., volumes, directors, and

storage system) under management or control of the management application 115,

-
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while arrangement descriptors are maintained to store information about relationships
(e.g., groupings) that exist between the objects described in the object descriptors.

Within the GRUI 200, an object icon 205 represents one or more object
descriptors in memory 110-5 (typically only one), while an arrangement icon 210
represents one or more arrangement descnptors in memory 110-5 (typically only one)
By way of example, each object icon in the sub-list 212 corresponds to a respectrve e
object descriptor (not shown in this figure) in memory 110-5 that contains information
concerning a parﬁCutar volume corresponding to that icon (i.e., volumes “vol00”
through “vol05>). ' As another example a.rrangement lCOIl 210—4 represents an
arrangement descnptor (not shown i m th1s ﬁgure) in memory 110 5 that defines the
relatlonshrp(s) between the volumes in the sub-list 212 (i.e. the volumes represented
by the volume object icons “volOO” through “v0105™) to ‘the storage dev1ce object icon e
205-3 from which the arrangement 1con 210-4—2 extends or depends An arrangement ’
icon 210 can be consrdered to represent one or moré relatronsh1ps (deﬁned in a h
correspondmg arrangement descnptor in memory 1 10- 5) for any object icons 205 that
can be displayed beneath and indented to the rrght with respect to that arrangement |
icon210. In most cases, the reader may cons1der arrangement 1cons 210to represents
groups, to which other icons (elther other ob_] ect icons or other arrangement icons)
may be considered. members. ' o

Users can expand and collapse object icons 205 and arrangement icons 210 to
view relationships between the various objects, devices, components or the like that
are under management by the management application 115. For example, the “All
Symmetrixes” arrangement icon 210-2 is expanded in this-example so that the GRUI
200 displays relationships between storage systems represented by object icons 205-1
through 205-4. As another example, the storage system object icon 205-3 (“Symm
08) has been further expanded in this example to show “Director” and “Volumes”
arrangement icons 210-3 and 210-4, respectively, which have a relation to the object
descriptor in memory 110-5 corresponding to the storage system object icon 205-3.

As will be explained in more detail, the embodiments of this invention allow
a user to select (e.g., via a mouse click-and-hold operation) an arrangement icon (one

of icons 210 in Fig. 2, to be explained in more detail) and to further select a

relationship function (e.g., via a pull-down menu, not shown in Fig. 2) related to the
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selected arrangement icon 210. In response, the invention (embodied within the
management applicatien 115 in this example) performs the selected relationship
function as defined in (or referenced by) the arrangement descrintor (in memory 110-
5, Fig. 1) that corresponds to the selected arrangement icon 210 in order to produce a
display result on the GRUI 200 that shows the outcome of the relationship function. |
The dJsplay result includes at least one other arrangement icon. ' ~. |

Accordmg to the GRUI 200 of the embodlments of this mventlon, depending
upon how a user mampulates his or her selection (e.g., expansmn) oficons 205, 210,
the same icon (one of 205 or 210) mrght appear in multlple places within the GRUI
200 hierarchy. Conventlonal GUIs av01d duphcate icons that represent the same
vobJect in brder to avord confusmg a user wewmg the dlsplay As w1]l be further
understood however, multrple representatlons of the same Ob_] ect in the GRUI 200 of L
the embod.tments of th1s mventron can convey powerful relatlonshrps that mrght exrst |
in prior art mterfaces due, in part, to therr mabrhty to dlsplay duphcate Obj ect icons.
Examples of these and other features and operanons of the mventlon will be explamed
with respect to Figs. 3 thirough 8 A

Thus far, the description of the GRUI 200 m Flg 2 has been prov1ded for
relatlonshlps that are mostly hierarchical in nature. For example the system of the
invention can display a list of storage systems object icons, and a user can expand
these to show the directors and \rolumes contained therein. A user can then further
exﬁand, for example, a volume arrangement icon to cause the system of the invention
to display sub-list of other icons, as so forth ‘

As previously noted however, the invention is partlcularly well suited for
displaying information concerning non-hierarchical relatlonshrps. This is illustrated
in the lower half of the GRUI 200 m Fig. 2 via the expansion of the “OS Type”
arrangement icon 210-6 into a sirb-list of other operating system specific arrangement
icons 210-7 through 210-9 (i.e., the MVS, Unix and Windows NT arrangement
jcons). Each arrangement icon 210-7 through 210-9 is also expanded further in this
example into sub-lists 213 through 215 of specific volume object icons. The sub—hsts
213 through 215 show specific volumes (e.g., “vol01” through “vol05”) that store
data for each specific operating system types as indicated by arrangement icons 210-7
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through 210-9, and also show the respective storage systems 150 upon which those
particular volumes reside.

Note the non-hrerarchrcal nature of the relationships shown in this portion of
the GRUI 200. While each arrangement icon 210-7 through 210-9 corresponding to
one of the operating systems MVS, Unix or Windows NT shows the volumes
associated with those operating system in a hierarchical fashion (ie., undemeath and )
indented to the right), the storage systems 150 that contam the actual volumes are not
a hierarchical relatlonshrp with respect to the operating system type. In other words
the volumes for a particular operatmg system may be spread across drﬁ'erent storage
systems in a non-hierarchical manner, but the GRUI 200 of the mventlon allows th13
to be 1ntult1vely represented as mdrcated in the ﬁgure ‘ s

The system of the mventon allows the user to des1gnate the Spec1ﬁc
relatlonshrps that he or she wants to v1ew (as wrll be explamed next), and then
displays the results in a manner such as that shown in Fig. 2 Th1$ allows, for |
example, an object icon that represent an obJect descnptor in memory to be d13p1ayed h
in the GRUI 200 in more than one place. This may ﬁ'equently occur in non- ]
hierarchical relationships. For instance, as md.lcated in sub-list 213 under the “MVS”
operating system arrangement icon 210-7, the GRUI 200 drsplays an ob_] ect icon for
volume number five on storage system number seyen (“volS @Symm07”) since this
volume can store MVS data. However, the GRUI 200 lists an object icon for this
same volume (“vol5@Symm07”) in the sub-list 215 under the “Windows NT”
arrangement icon 210-9, indicating that this same volume can also store Windows NT
data. As another example, volume number five on storage system number eight
appears as an object icon labeled “volS@Symm08” in the sub-list 215 under the
“Windows NT” arrangement icon 210-9, while a representation of this same volume
also appears in the sub-list 212 under the “Volumes” arrangement icon 210-4 as the
object icon labeled “vol05.” These are examples of how the GRUI 200 can use a
hierarchical style display to represent non-hierarchical relationships. Further
examples of this capability provided by the invention will be apparent in the
description of other figures.

Fig. 3 illustrates an example operation of the GRUI 200 provided by the
invention that allows a user to first select an icon on the GRUI 200 and then to further
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selecta relationship that corresponds to the icon selected by the user. As will be
explained, the user can select a specific relationship' in order to further display and/or-
arrange other icons (arrangement and object icons) that relate to the selected icon in
various ways via sorting, categorizations and the like. In this partlcular example, a
user selects the “Volumes” arrangement icon 210-4 by cllckmg and holding the '
mouse pomter 1104 (Fig. 1) on the arrangement icon 210-4 which causes the GRUI '
200 to d1sp1ay selectlon menu 300 When the user selects (chcks and holds) the
arrangement 1con 210-4 all menus 300 310 dlsplayed and all menu selections made
are m response to the ongmally selected icon (210—4 in this example). When the
selectron menu 300 appears, the user can depress ‘and hold down a button (not .
spec1fically shown) on the mput devrce 1 10-2 (Frg 1) and can drag” the input dev1ce

" 110-2 to the nght whmh causes the GRUI 209 to display a relatlonshxp menu 3 10 In o

this example, a user selects the relatlonsmp menu 310 by selectmg the “Arrange by

selection w1th1n the selectlon men' 300 Men selecuons made in thlS manner a.re
R 2

common to many graph1ca1 user m erface—b ed apphcatlons though these partlcular ) -

(s} ’"f

i v-‘

menus and their assocmted selectmns are umque to thrs mventlon

Within the relat10nsh1p menu 310 the GRUI 200 d1splays any relatlonshlps '
320 that are available for selectlon by the user. The relatlonshlps 320 (320-1 through
320-4 in this example) that appear in the relahonshxp menu 310 each cortespond to

relationship functions (to be explamed) that the system of the invention can perform
with respect to descriptors (obJect and/or arrangement descnptors) related to the icon
210-4 that the user originally selected which caused the selection and relationship
menus 300 and 310 to appear. As will also be explained later, the specific
relationships 320 that appear in the relationship menu 310 can be dynamically
generated based on the original icon selected, or they may be statically deﬁned within
a descriptor in memory corresponding to the selected icon.

In this example, the GRUI 200 displays relationships 320-1 through 320-4
which include “None,” “All directors,” “OS Type” and “Some Volumes.” The
“None” relationship 320-1 includes a check mark 321 to the left indicating to the user |
that the current view of the “Volumes” sub-list 212 (i.e., the list of volumes within the
SymmO08) is displayed on the GRUI 200 using no particular relationship, arrangement
or organization. In this example, the user selects the “QOS Type” relationship 310-3
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and releases the button on the input dewce 110-2 whlch causes the management
application 115 to re-display the GRUI 200 as shown in Flg 4,

Fig. 4 illustrates the resultmg GRUI 200 as it appears aﬁer the user selects the
“OS Type” relationship 310-3 from the relanonshJP menu 310 in Fig. 3. As ﬂlustrated A
in Fig. 4, the GRUI 200 has replaced the sub-list 212 (F1g 3) of obJect icons hstlng |
various volumes under the a.rrangement icon 210-4 with a sub-hst 330 of newly
displayed operating system arrangement icons 210-10 through 210- 13, The = |
arrangement icons 210—11 through 210-13 each correspond to one operatmg system : |
type within an entlre set of operating systems in use on any of the volumes thhm the
“Symm08” storage system as hsted in the sub-hst 212 (F1g 3) In other words whcn
the user selects the “OS Type relatlonshlp 320-3 in F1g 3 the management o
apphcanon 1 15 performs a relatlonshrp ﬁ.mctxon that ﬁrst determmes and then sorts,
types represented w1thm any of the volumes hsted m sub-hst 212 The management "
application 115 then re-dlsplays the GRUI 200 thh the sub-hst 330 of new’ . ‘
arrangement icons 210-10 through 210-13 for each operatmg system type that the
relationship determined (i.e. detected) In the example resultmg dlsplay shown in
Fig. 4, the specific operating system types shown as arrangement icons 210-10
through 210-13 are MVS, Unix, Windows NT and Others

As will be explained in more detail later, to obtain the arrangement icons 210-
10 through 210-13 shown in Fig. 4,'the management apphcatlon 115 performs a
relationship function defined by the “OS Type” relatlonsh.lp selection 320-3 made
from the relationship menu 310 by the user in Fig. 3. Generally, the “OS Type”
relationship function determines, for each volume object descriptor (not shéwn in this
figure) in memory 110-5 (Fig. 1) corresponding to a volume object icon in'sub-list
212, an operating system group (one per operating system type, to be explamed) to
which that volume is a member. Then, for each different operating system group to
which a volume listed in sub-list 212 is a member, the management application 115
creates an arrangement descriptor in memory 110-5 and produces a corresponding
arrangement icon as a display result for displaying on the GRUI 200. In other words,
for each different operating system type determined to be represented by one or more
of the volumes listed in sub-list 212 in Fig. 3, the management application 115 creates
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an arrangement descriptor and produces a display result having a corresponding
arrangement icon (one of 21 0-1 O through 210 13) to represent each different
operating system type. The management appllcatlon 115 then d1splays the dlsplay
result in the GRUI 200 as shown in Fig. 4. That is, the GRUI 200 displays the newly
created arrangement icons correspondmg to each newly determined arrangement
descriptor i in memory that dre produced as a result of the relatlonsh1p function.

Also as shown in Fig. 4, each arrangement icon 210- 10 through 210- 13 in the
sub-list 330 is expandable as mdlcated by the “+” symbols to the1r left. If the user
decides to expand operatmg system type arrangement icons 210—10 210-1 1 and 210—

13, the management apphcanon 1 15 produces the GRUI 200 that appears in F1g 5.

As shown in F1g 5, the user s expansxon of the MVS arrangement icon 210 10 N F
produces a sub-hst 340 of only one volume (“volOZ”) that re51des w1thm the
“Symm08” Storage system 150 that contams an MVS ﬁlesystem or MVS data (or that 4
is otherwise accessed via MVS) Srmxlarly, the user s expans1on of the Umx '
arrangement icon 210-1 1 produces a sub-hst 340 of two volumes (“v0103” and
“v0l04™) that reside w1thm the “Symm08” storage system 150 and that contam an
Unix ﬁlesystem or data (or that are otherw1se accessed via Umx) Note that the GRUI
200 indicates that the volumes “volOO” and “vol01” in sub—hst 342 under the

“Others...” arrangement icon 210—13 are not related to .MVS, Umx or Windows NT

operating system types. : | o

Fig. 6 illustrates an example view of the GRUI 200 that may appear when a
user expands an arrangement icon such as 210-14 to produce a long sub-list 350 of
other icons. Such a long sub-list 350 can quickly degrade the effectiveness of
viewing the GRUI 200, since the large number of icons require up a large portion of
the viewable area with the GRUI 200. To solve this dilemma, the system ot’ the
invention provides a relationship function that can condense the view of the sub-list
350 (or other such long icon lists) mto a reduced representation. A

Fig. 7 1llustrates the operation of a user selectmg a relationship selectlon 320-5
that causes the management application 1 15 to perform a reduced representation
relationship function to reduce the number of icons displayed in a sub-list 350. To
make the selection, the user can “click and hold” the pointer (110-4, Fig. 1) on the
parent icon 210-14 of the long sub-list 350, which causes the GRUI 200 to display the |
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selection menu 300. The user can theh select (via dragging the pointer 110-4 down
and to the right) the “Arrange by” selection 302 in the selection menu 300 to dlsplay
the relationship menu 310.

In a preferred embodiment of the invention, the management application 115
dynamically determines the relationship selections 320 that appear as being ava11able
for user selection in a relationship menu 310 based upon various factors. In thls
example; a relationship 320-5 labeled “Name” is now available for user selection.
The “Name” relat10nsh1p selection 320-5 appears when there are numerous 1eons
(e.g., sub-list 350) descendmg from (i.e., displayed below) the same parent icon .
(arrangement icon 210-14 in the example) in the GRUI 200 In other words in this
embodiment, the “Name” relatlonshlp selecuon 320-5 appeaxs when the i 1cons in $ub-
list 350 exceed a predetermmed number. It i§'to be understood that the Name
relationship selection can, however, appear in any relat10nsh1p menu 310 that relates
to (i.e., that is “pu]led—down” trom) an'icon contammg one or more lengthy sub-hsts
listed beneath the icon.

In this example a user may have dlﬁiculty determmmg from viewing the
GRUI 200 how many volume icons (vol00, vol01, ..., Vol48 and so forth) are
actually present in the sub-list 350 due to its length. As such, the “Arrange by”
selection 302 from the selection menu 300 followed by the “Name” relationship
selection 320-5 in relationship menu 310 causes the management application 115 to
perform a Name (or condense) relationship function that produces a display result that
the managemenf application 115 re-displays in the GRUI 200 as shown in Fig. 8.

Fig. 8 illustrates how the “Name” relationship function (which the -
management application 115 performs in response to a user selecting the Naine
relationship selection 320-5 in Fig. 7) can significantly reduce the number of entries
in a long list of icons. This relationship function is also called the condensed view
relationship function. In this particular example, the sub-list 350 of volume object’
icons from Figs. 6 and 7 has been reduced or condensed to four arrangement icons
210-15 through 210-18, labeled respectively “voll00 — vol09 (10),” “voll11 — vol19
(9),” “voll21 —vol29 (9)” and “voll31 — vol39 (8). The arrangement icons 210-15
through 210-18 are called series arrangement icons, since each represents a series of

two or more icons, which in this example are volume object icons. Each series
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arrangement icon 210-15 through 210 18 thus indicates what volumes are represented
by that icon. In this example, the series arrangement icon 210-16 is shown in
expanded form to reveal a sub- hst 360 of the nine volume icons. This aspect of the
invention thus allows a user to further condense the relationships the GRUI 200
presents. ' o .

One technique of the mventlon that can be used to reduce the nu.mber of icons
displayed i ina long list is to compute the square root of the number of icons to be
displayed i in the long List. In the example in F1g 7, the system of the invention can
compute the square root of the number of i icons in the sub-list 350. The resultmg
value indicates how many senes arrangement 1cons (e g-» 210-15 through 210-18) are :
to be created and drsplayed in the GRUI 200 each having a name that preferably
helps 1dent1fy the obJect icons wh1ch each senes arrangement icon represents Ifthe
square root does not compute even.ty, then one extra senes arrangement icon can be
mcorporated mto the sub-hst to represent and dlsplay the remamder of icons that do
not correspond to the series an'angement icons for each value of the square root. In a
non-specific example 1f there were ﬁfty-two icons to be displayed below a selected
icon, this “condensing™ operatlon of the mventlon would result in seven series
arrangement icons, as seven is the square root of forty nine, and one addmonal series

arrangement icon to represents the icons numbered fifty, fifty-one and fifty-two.

Example Implementations of Embodiments of the Invention:

Fig. 9 shows an internal .archit,ecture 500 of a computing system (e.g., 110 in
Fig. 1) configured according to an example embodiment of the invention. The |
architecture 500 includes a data bus 504 that couples a network interface 501, a
processor 502, an input/output display mechanism 503 (i.e., for providing the GRUI
to a computer display such as 110-3 in Fig. 1) and a memory system 505. The '
network interface 501. provides communications between the computing system (e.g.,
110, shown here as architecture 506) and other entities such as computing systems
120 through 140 and storage systems 150 in Fig. 1. The input/output mechanism is
used to render or otherwise display images, text and/or graphics, including the GRUI
200 of this invention, on a computer display terminal or monitor such as 110-3 in Fig.

1. The processor 502 provides the general processing power of the computing system .
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architecture 500 and may be any type (or number) of .m.icroprocessor(s). A preferred
embodiment of the architecture 500 is any type of workstation of computer such as a
RISC-based Unix workstation (e.g., a Sun Workstation manufactured by Sun
Microsystems of Mountain View, California, U.S.A.), or the architecture 500 may be
a PC-based (e.g., Intel based) workstation commonly known as a personal computer
The architecture 500 shown in Fig. 9 is prov1ded as an example only, and is not meant v
to limit the apphcablhty of this mventlon toa pa.rtlcular computer type. |

The memory system 505 i is encoded w1th data structures and code Whmh in
this example include an arrangement descnptor set 55 1 an object descnptor set 552 a
relationship engine 553 and a descnptor tree 555, The relatlonshxp engme 553
contains logic instructions (e.g., computer program code) that prov1de the GRUI 200 |
of the invention. The management apphcahon (1 15in F1g 1) mcorporates the o
relationship engine 553 as a portlon of the management apphcatlon respons1ble for
GRUI 200 d1splay management That 1s, wh11e the management apphcatlon 115 from ;
Fig. 1 is not explicitly shown i m the memory system 505 in Plg 9 the relatlonshlp ' '
engine 553 is the portlon of the management apphcatlon that prov1des the main
functionality of the invention.

Generally, in operation of the system in F1g 9, the processor 502 performs
(i.e., executes, interprets, or otherwise processes) the relationship engine 553 which
operates according to the techniques of the invention as explained herein.

One processing task of the relationship engine 553 is to maintain the
descriptor tree 555. The descriptor tree 555 is a tree data structure (in this example,
not meant to be limiting of the invention however) that provides the underlying object
descriptor data structures 405 (labeled “O.D.”) and arrangement descriptor data
structures 410 (labeled “A.D.”) that the relationship engine 553 uses to render or
otherwise display the GRUI 200 on a computer diepla'y (e.g., 110-3 in Fig. 1) via the
display input/output mechanism 503. That is, as explained above with respect to the
example GRUI 200 in Figs. 2 through 8, each object icon and arrangement icon 205,
210 in the GRUI 200 represents (i.c., is rendered or displayed by the relationship
engine 553 on behalf of) a respective corresponding object descriptor 405 or
arrangement descriptor 410 that the relationship engine 553 maintains in the
descriptor tree 555 within memory system 505.
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The speciﬁcﬂconﬁguration of this example descriptor tree 555 in Fig. 9
corresponds to the GRUI 200 shown in Fig. 2. That is, the descriptor tree 555 in Fig.
9 represents the object and arrangement descriptors 405, 410 that the relationship
engine uses to render the object and arrangement icons 205, 210 in Fig. 2. Object
descriptors 465-1 through 405-4 (Fig. 9) thus correspond to object icons 205-1
through 205-4 (Fig. 2), while arrangement descriptors 410-1 through 410-9
correspond to arrangement icons 210 1 through 210-9. Sub- lists 412. through 41 5 of
the object descrlptors labeled “0.D.” (each without a spec1ﬁc reference numeral)
correspond to the sub-hsts 212 through 215 of the icons m Fig. 2

“The arrangement descriptor set 551 and the obj ect descnptor set 552 in the
memory system 505 contain a hst of all arrangement and obJ ect descnptors that ex1$t
in the memory system 505 and tbat the relationship engme 553 can access, reoardless .
of if those descnptors are posmoned w1thm the descnptor tree 555. In other words,
there may be some descnptors (arrangement or object) that are not in use by the . B
relationship engme 553 or that the relatlonship engme 553 has not yet placed in the :
descriptor tree 555 for dlsplay in the GRUI 200 The descnptor tree 555 may thus
represent a subset of the entire set of descnptors availabie with the arrangement and
object descriptor sets 551, 552. In a preferred embodiment, the rel_anonship engine
553 builds up the descriptor tree 555 as reqtlired for display purposes. The tree 555 is
built or expanded (i-e. descriptors added) typically in response to a user requesting
expansion of an icon 205, 210 on the GRUI 200, or in response to the user selecting a
relationship function (to be explamed) for an.icon 205, 210 that causes the
relationship engine 553 to further define or re-orgamze (and re-display) the tree 555

Fig. 10 illustrates an example of the content that the relatlonship engine 553
can maintain within an ohject descriptor 405 (405-3 in this example) and an
arrangement descriptor 410 (410-4 in this example). The object and arrangement |
descriptors 405 and 410 may be classes for example, in a object—onented ‘
programming environment. Both the object descriptor 405 and the arrangement
descriptor 410 include a label field 650, 660 respectively, which stores the label or
identity for that descriptor. The relationship manager 553 can use the label fields 650,
660 to label each corresponding object or arrangement icon 205, 210 that represents
those descriptors on the GRUI 200. . '



S5

10

15

20

25

30

WO 01/79982 . PCT/US01/11792

-33-

Each obj ect descriptor 405 and the ari-angemént descriptor 410 also includes a
label field 650, 660, respectively, which indicates to the relationship engine 553 if that
descriptor is to be displayed on the computer display (e.g., 110-3) or not. As noted
above, the felaiionship manager 553 can build up the descriptor tree 555 in response |
to various events such as user expansion of an icon 205, 210 or when a user selects a
relationship function. Likewise, a user can choose to collapse an icon on thé GRUI =
200. However, collapsmg an icon (205, 210) on the GRUI 200 preferably only effects -
the GRUI 200, and the descriptor tree 555 in memory does not remove or delete the
descriptors 405, 410 that correspond to the icons that are no longer on display due to
the collapsing operation. Descriptors (nodes) iri the ‘descriptor t‘rée 555are thus®
cached for future use (e.g., if needed for re-display purposés). 'As ‘such, the display -
fields 650, 660 can mdlcate to the relatlonsh1p engme ifa descnptor is supposed to -
have a correspondmg icon on the computer display 1 10-3 ornot.

Each ob_] ect and arrangement aescnptor 405; 410 also includes a descnptor
parent field 652, 662 and a descnptor children field 653 663. These parent and child * °
fields 652, 662 and 653, 663 contain lists of, or pomters to, other descriptors 405, 410 .- i
that are related to the descriptor (the current descriptor) containing these fields. The
parent fields 652, 662 thus indicate which descriptor 405, 410 are the parent

" descriptors of (i.e., relate to) the current descriptor, while the children fields 653, 663

indicate what descriptors are children (or that depend from) the current descriptor.
A} descriptor 405, 410 that has children is said (i.€., is to be understood), for
purposes of explaining this invention, to be the group for those children and a

descriptor that is a child is said to be in the group of its parent. For example, the

“Volumes” arrangement descriptor 410-4 which is shown in detail in this example in
Fig. 10 bas six child object descriptors “vol00” through “vol05” (corresponding to
icons in sub-list 212, and object descriptor icons in sub-list 412 in the memory system
505). These six child descriptors (i.e., these six volumes) are said to be in the
“Volumes™ group for the storage system “Symm 08,” which is the parent of the
“Volumes” descriptor 410-4. As a more general statement, icons that depend from
(i.e., are the direct children of) a parent icon are in the group of the parent icon,
indicated by the parent icon label 650, 660. As an example of this general principle,

referring to Fig. 2, a user can consider the “OS Type” arrangement icon 210-6 to be
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an operating system group, and “MVS’:, “Uﬁix’f and “Windows NT” may be
considered to be in, or children of, the operating system group “OS Tyi)e”.

The example object descriptor 405 and arrangement descriptor 410 each also
include a reletionship function list field 654, 664. Generally, the relationship function
list fields 654, 664 can include a list of the various relationship functions (to be
explained) that relate to this particular obj ect or arrangement icon 405, 410.
Relationship functions deﬁne how the relationship engine 553 should sort, arrange, or
otherwise manipulate the icons 205,210 on the GRUI 200, and possibly the
descriptors 405, 410 correspondmg to those icons 205, 210, in response to the user
selecting one of the. available relatlonshlps deﬁned in ﬂns ﬁeld 654, 664, Details of
how the relationship function, explamed in the examples prov1ded with respect to Flgs' . ..
2 through 8 will be provided shortly o _

In some embodiments, as. mdxcated by termmology “FUNCTION LIST o
BUILDER?”, within the field. 664 in Flg LO tpe relatlonshlp function hst ﬁeld 664 may
actually be.a flmctlon list. bmlder whlch can dynamlcally determme any relatlonshlps _' ‘
that are currently apphcable (..., selectable by a user ﬁ'om the relatlonshlp menu 310)‘
to icon 205, 210 (to that icons descnptor 405, 410) s selected by a user. That is,inone
embodiment, the list of relaticnships that the relatlonshlp engine 553 maintains within ..
the relationship function list field 654, 664 field is static, with each ava11able
relationship simply pre-defined in the object or arrangement descnptor 405, 410
However, in a preferred embodiment, the relationship engine 553 can dynamically
deduce the available relationships that are apblicable viaa relatioﬁship and user
selectable for a particular descriptor 401, 410 (and hence for its correspending icon
405, 410 via the relationship menu:310 on the GRUI 200). ,

The example object descriptor 405 further includes an object properties field
655. This ﬁeld 655 contains information concermng actual properties or attributes of

- the object (e.g., hardware, software application, or the like) described by the obJect

descriptor 405 in which the field 654 is contained. The example of the object
properties field 655 in Fig. iO includes an IP address, hostname, storage capacity
(since’this object descriptor is used to maintain information about a storage system
such as 150 in Fig. 1), manufacturer, total number o volumes, and so forth. Propertles

may include names of members of a group. For instance, if an “Operating Systems
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Supported” property were listed, it might contain a reference to.various members
(arrangement or object descnptors) that are referenced by the operating system group
arrangement descriptor 410-6 represented on the GRUI 200 by the “OS Type”
arrangement icon 210-6 (F ig. 2). .

Figs. 11 through 13 1llustrate various operatlons performed by the relatlonshlp
manager 553 according to embodiments of the invention to produce the views and o
functionality of the GRUI 200 as prev1ously discussed. Preferably, the steps in Fi 1gs
11 through 13 are embodied and performed as software loglc mstructlons (1 e. code)
within a relauonslup engine 553 embedded w1thm an apphcat:lon program (eg.,
management application 115) in a memory system (e -8 110- 5) on the computer 1 '
system (e.g., 110). Such mstructlons operauons or steps are preferably performed by o
a processor within such a computer. Throughout this descnptlon, the. term “the ’
system of the mventlon will be used to descnbed what is performmg the operatrons
It is to be understood that “the system of the mventlo mcludes any soﬂware or
hardware required to prov1de a graphlcal user mterface as descnbed herein. Also the" .
descriptions that follow w111 frequently refer to the exa.mple menu and icon selechons" .
made in Figs. 3 and 4 by way of example only. ‘

In Fig. 11, steps 700 through 704 show the general processing step that the
invention performs to create and displey a graphical user interface (e.g., GRUI 200) as
explained above. In step 700, the software displays a plurality of icons on the
graphical user interface (e.g., GRUI 200). The icons displayed in step 700 can
include both arrangement icons 210 and/or object icons 205. The software may
display a graphical user interface such GRUI 200 in Fig. 2, for example. In step 701,
the software receives a user selection of an icon. The user may make such-an icon
selection, as explained with respect to the former examples, using a user input device
(e.g., mouse 110-2, a keyboard, a speech recognition input device, or any other type
of user input device). The software preferably produces a display that looks like Fig.
3, where a selection menu 300 appears on the GRUI 200.

In step 702, the software receives a relationship selection selected by the user
that corresponds to the icon selected in step 701. As shown in Fig. 3, a preferred
embodiment of the invention displays a relationship selection menu 3 10 that allows
the user to select form any relationships that are applicable to the currently selected
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icon (icon selected in step 701). Details on how the software produces the
relationship choices for the relationship selection step 702 wﬂl be explained shortly
with respect to Fig. 12. In any event, once the user has selected a relationship, the
software performs step 703 in Fig. 11 which performs a relationship function
ident:ifred by the relationship selection. The software performs the relationship
function on one or more descnptors in the memory system 505 that are related (eg.,
h1erarch1¢a.lly, either above as parents or below as children), accordmg to the
relauonshlp selectlon, to the icon selected by the user (e.g., icon 210-4 in Fig. 3). In

step 703, the soﬁware also produces a d1sp1ay result that mcludes an arrangement icon |

4

(e.g., one of 210-1 through 210—13 m Flg 4) that relates (e. g hJerarchlcally o
“depends from” in the example in F1g 4) to the icon (210-4) selected by the user m ‘
step 701. ‘ .

When the relauonsh1p ﬁmctlon has produced such a dlsplay result, 1n step 704
the software dlsplays a representatlon of the drsplay result in the graphlcal user
interface (e.g., GRUI 200 in F1g 4) In thxs manner, the system of this mventlon uses
steps 700 through 704 l Flg 11 to genera]ly allow a user to produce a customlzed
GRUI that shows various relat10nsh1ps as selected by the user. Since a user can
expand icons in the hierarchical manner as shown in the ﬁgures and as explamed
above, a user can view multiple re1ationships at one time on the interface.

Preferably, in step 700, the soﬁwe.re displays a hierarchieal .conﬁguration of
object icon 205 and arrangement icons 210, and each object icon 205 represents a
respective object descriptor 405 (Fig. 9) within the meniory system 505 (Fig. 9) while
each arrangement icon 210 represents a respective arrangement descriptor 410 (Fig.
9). Each arrangement descriptor also represents at least one relationship between
certain object descriptors 405 within the memory system 505.

F1g 12 shows steps 720 through 7:27 which illustrate various ways in which
the system of the invention can provide and receive a relationship selection from the
user (i.e., steps to carry out step 702 in Fig. 11). Generally, the steps in Fig. 12 ‘
provide mechanisms to create the various relationship selections (i.e., the list of
selectable relationships) that appear in the relationship menu 310 (Figs. 3 and 7), and
thien allow a user to make a relationship selection. In step 720, the system of the

invention determines an ide‘ntity of a descriptor (i.e., one of 405 or 410) in the '

.....
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memory system 505 that corresponds to the i icon (e g, 210-4 in Fig. 3) selected by the

user. In other words, as illustrated in Frg 3, if the user selects icon 210—4 using step
720, the system of the invention obtains the 1dent1ty of the arrangement descriptor
410-4 (Fig. 9) that corresponds to the selected arrangement 1con 210-4. In step 721
the system of the invention ‘determines if relatlonshlp determmauon @. e., the process
of determining what relatlonshlps are apphcable and selectable for the: selected 1con)'
is static or dynamic. & 4 . '
Dynamic relationship selection allows the systeni of the invention to-
determine what relationships are apphcable toa selected icon each t1me that i 1con 1s
selected. To do so, in step 722, the system of the mventlon determmes a list of 7
“selected icon ch1ld descnptors” (1 e., descnptor chﬂdren 653 or 663) that are related o
to the descnptor (405 410) in the memory system 505 that corresponds to the 1con o
(e.g., 210-4 in Flg 3) selected by the user In other words in step 722 the system of . _.
the invention determmes the ch11d descnptors that are hrerarchlcally below the o
selected icon m the descnptor tree F or the selected 1con 210-4, the list of selected

~ icon child descrlptors is the set of ObJCCt descnptors correspondmg to the volume

icons sub-list 212 in Fig. 2, or more precrsely, the object descriptors 412 in Fig. 9.
Next, in step'723, for each selected icon child descriptor, the invention

. determines a list of group anangement descriptors (e.g., descriptors 410-1, 410-2,

410-5, 410-6 in Fig. 9) that include a relation (i.e., that have a reference to) that
selected icon child descriptor. In other words, in step 723, the invention determines
what gr'oup(s) each child of the selected icon belongs to. Group arrangement
descriptors (and their corresponding arrangement icons 210 in the GRUI 200) are
those arrangenient icons in level one (L1, Fig. 9) of the descriptor tree 555. That is, in
the examples in Figs. 2 through 8, the group arrangement icons, representing the
various groups, are “All Directors,” “All Symmetrixes,” “Departments,” and “Some
Volumes.” Thus, step 723 causes the invention to determine any groups to which a
child of the selected icon belongs. Since the children of the selected icon are volumes
“vol00” through “vol05”, these object descriptors happen to have a relation (i.e., a
hierarchical dependency) from the “MVS” “Unix” and “Windows NT” arrangement
descriptors which themselves depend from the group arrangement descriptor “OS

Type”, as shown graphically in Fig. 3. While not shown in expanded form, these
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children of the selected icon are also related to the “All Directors” and “Some
Volume” groups. In other words the arrangement descriptors correspondmg to the
“All Directors™ and “Some Volumes” arrangement icons include a relation (i.e., a
child reference) to at least one of these volume Ob_] ect descnptors 412.

Next, in step 724, the system of the mventlon creates a smgle relatlonshlp
selection (i.e., a selectable relatlonshlp) in a set of relatlonsh.tps for each unique group
arrangement descnptor 410 that exists in the list of group arrangement descnptors
(determined in step 723) for each selected icon child descnptor That is, a list is
composed of all of the drﬂ‘erent groups to whrch chlldren of the selected icon are
members (1 e are related) In the case of the volume ob_;ect descnptors
the selected 1con 210—4 1n F1g 3 the group hst is “All D1rectors » “OS Type” and
“Some Volumes ? In thrs manner the system can create a dynamw hst of any groups o
that chlld icons of a selected 1con are members The set of these groups that is unrque '
(i.e., no duphcates) prov1des the relatlonshlps by whrch the chrldren icons ofa o
selected i icon can be arranged and th1s set 1s dJsplayed in the relatlonshlp menu 310 (to
be explamed)

‘Note that if the system of the invention does not use dynamrc relatlonshrp
determination, then the system can process step 725 which determines a set of “hard-
coded” relationships that are identified within the descriptor that corresponds to the
icon selected by the user. In other words, when a user selects an icon (e.g.,210-4),
the set of relationships which are applicable (i.e., user selectable) for that icon can be’
hard-coded into the descriptor (arrangement or object) associated with that icon.

In any event, after the system processes either steps 722 through 724 or step
725, the system processes step 726.in which the system displays the set of
relationships on the graphical user interface in a relationship selection menu (e g., 310
in Figs. 3 and 7). Next, in step 727, the system of the invention allows the user to
select a relationship selection (e.g., 320-3 in Fig. 3) from the set of relationships
displayed on the graphical user interface (e.g., GRUI 200). In this manner, the
software, program or computer system implementing the invention can obtain the user

selection of a relatlonshlp by which to organize, arrange, or otherwise drsplay icons.
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. Fig. 13 illustrates the steps involved to perforrn a relationshjp function (e.g.,
step 703 in Fig. 11) according to one embodiment of the invention. Recall that the
system of the invention performs a relationshjp function based on the user’s selection
of a relationship, as just explained. Essentially, the selection ’of a relationship, for this
embodiment, defines a group selecuon In other words a user’s relat10nsh1p selectlon
in this embodlment specifies a group arrangement icon which the system of the ~
mventlon is to use to organize or arrange the child icons that will be dlsplayed under a -
selected icon in the GRUI 200 of this invention. As explamed above, since the |
relationship selection i is, in this embodJment, actua]ly a group selectlon, then the
purpose of the relatlonshlp function is to orgamze or arrange the chrldren descnptors
that relate from the descnptor related to the currently selected 1con accordmg to the -
group selection. S e

To begm this | process, m step 740 the system of the mventron determmes a’
group arrangement descnptor 410 that corresponds to the relatlonshlp selection

selected by the user in step 702 of Fi ig. 11. For mstance in F1g 3, if the user selects

“OS Type” 320-3 as hxs or her cholce for a relatronshxp selection, the output of step o

740 according to this embodiment of the invention is a reference to the group
arrangement descriptor 410-6 for the “OS Type” group. Next, in step 741, the system
of the invention determines a list of group child descnptors (i.e., the children of the
group icon) that are related to the group arrangement descriptor that corresponds to
the relationship selection selected by the user. In this example, since the group
arrangement descriptor in the “OS Type” arrangement descriptor 410-6, it’s
descriptors children 663 (Fig. 10) are the “MVS,” “Unix,” and “Windows NT”
arrangement descriptors 410-7, 410-8 and 410-9 (Fig. 9). Essentially, in step 741, the
system of the invention determines the children icons (actually, their descriptors) of
the group arrangement icon (i.e., the group) specified by the user’s relationship
selection. ‘ ‘ '

Next, instep 742, the system of the invention determines a list of selected icon
child descriptors 410, 405 that are related to the descriptor in the memory that
corresponds to the icon selected by the user (e.g., icon 210-4 in Fig. 3). In other
words, step 742 is identical in processing to step 722 in Fig. 12."
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In step 743, for each selected icon child descriptor in the list of selected icon
child descriptors (i.e. ,,for descnptor chlldren 653, 663 related to the selected icon,
determined in step 742), the system of the invention determines which group child
descriptor in the list of group child des_criptors contains a relation; to. that icon child
descriptor and then adds that group child descriptor to a sub-list of child descriptors.

In other words, step 741 determines all the children (m the descnptor tree 555) ofa
group speclﬁed by the relatlonshlp selection (e.g., all chlldren of the “OS Type” group
- which is MV S,” “Umx » and “Windows NT”). Then, step 742 determines all the
children of the selected icon, whrch in th15 example is the volumes “vol00” through
“volGS” The system of the mvenuon in step 743 then determmes the mtersectlon of |

these two sets of descnptors, so that the resultmg descnptor setis the non-duphcatlve . '

set of group children to thch any ch11d of the selected icon is referenced. Step 744
then causes the system of the mventlon to produce a dlsplay result that mcludes icons |
for each ch11d descriptor i in, the sub-llst (e g 412) of chlld descnptors ' . )
In the example, as shown in F1g 4 the resultmg descnptor set results in the A
display of icons 210-10 through 210 13 In thlS manner, the relatlonsh1p functlon 4
determines the exclusive set of group chlldren to which any ch1ld of the selected 1con
belongs or is referenced. These i icons (e g 210-10 through 210-13) can then be

expanded as explained above to show the exact volume references within each group. |

In other words, when the relatlonshlp funcuon completed in step 743 each group
child descriptor contains a reference to the appropriate selected icon child descriptors
and may be expanded to show these arrangements This results i in the selected icon

‘ child descnptors being arranged by, categorized into, or sorted accordmg to the child
descriptors of the selected relationship. .As can be seen from the diagrams and the
aforementioned examples, this-aspect of the invention provides a very powerful tool

to illustrate relationships between many different entities in a concise space.

Other Aspects of the Invention:
As has been illustrated and explamed in deta11 the system of the invention can

use a hierarchical form or style of presentation in a graphical user interface to depict

i and display non-hierarchical relationships. A user can select the relationships of

interest to that user. The system also allows a single entity represented by an icon to

03
N
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" be displayed in multiple piac'es on the same disj)lay without confusirig the user

because the relationships of each instance of a disﬁlayed icon are clearly expressed
through the icon hierarchy provided by the invention. Also, certain relationship
functions can be used to condernse the view of a large number of objects. This
provides a more concise view for the user and allows more relationship information"td
be displayed in a smaller display area as compared to conventional graphical user
mterfaces While the general operatlon and details of the invention have been '
provxded at this point, there are vanous aspect and advantages of the system of the o
invention worth visiting in a b1t more detall ‘ ' o

It is important to understa.nd that muluple relahonsmps can be overlald with '
one another on the same portlon ofa h1erarchy section using the GRUI (e g 200)
provided by the invention. An example of this aspect of the mventlon isshownin
Fig. 2 w1th1n sub-lists 213 through 215, which conveys to the user the first
relationship of the dlﬁ‘erent operating’ system types to each volume, as well as the'
second relatlonsth between each vohmme to each storage system that maintains that
volume. ) ' o o '

Anether important point is that the invention 1s based, in part, on the
observation and realization by the inventors that a hiet‘archy need not be a static
depiction of one relationship between two entities, but father, a hierarchical style
:display can be used and dynamically manipulated by the user to show multiple |
relationships and those of particular interest to the user. Since a user is able to select
the relationships of interest to a particular set of obj ects or entities, and have multiple
relationships conveyed and displayed in a single hierarchical style format on the
display 110-3, more information can be conveyed in a smaller amount of space. Also,
the system of the invention allows a user to develop insights that were never before
discovered which can now, using the invention, be ready identified and apparent
based on the multi-relationship-display capability of the GRUI of this invention. For
example, since the user is able to selectively chose what relationships are to be used in
order to produce the display, relationships that are not of interest do not clutter the
display hierarchy format.

Furthermore, it is to be understood that preferred embodiments of the
invention update all areas of the GRUI 200 based on user operations to reflect the
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status of relationships affected by a user’s selection of a _reiationship function. That

is, if a user invokes a relationship function '(via selecting a relationship selection) on |
an object or arrangement descriptor, other instances of icons that represent that
descriptor will also be adjusted when the GRUI 200 is redisplayed to reflect the
relationship changes. Other icons, besides those that represent the actual icon selected
by the user (e. g other arrangement or object ieons) may also be automntically |
changed, updated, removed, altered, or otherW1se modified in appearance based on the |
user relatlonshlp selectlon . .

For instance, in F1g s, suppose a user decldes to remove volz@SymmOS ﬁom
the sub-hst 21 3 under the MVS arrangement 1con 210-7 This may be done via the |
relauonshlp selechon menu as explamed above or the user may depress a delete key
or perform ¢ some other mput acuon to mvoke the appropnate relatlonshlp ﬁmctlon to
affect removal of th15 icon (the “volOZ@SymmOS” icon in sub-hst 213 in F1g S) In
response, the relatlonsh1p engme 553 re-computes the content of the GRUI 200 (e g
-re-computes what descnptors are to be dlsplayed m the descnptor tree 555 in Fig. 9)
Since the sub-list 340 under the “MVS” arrangement icon 21 0-10 also contams an
object icon for “vol02”, the system of the invention would remove this “vol02” obJect
icon from the sub-list 340 in the GRUI 200 as well, even though the user did not
select this icon. This is because the ob_]ect icon “vol02” in sub-list 340 eorresponds to
the same object descnptor in memory as the user selected icon vol02@Symm08 in
sub-list 213. A

Likewise, the MVS arrangement tcon 210-10 would no longer have any
related child icons and thus the system of the invention would remove the MVS |
arrangement icon 21'0-,10 from the GRUI 200-as well. In other words, the relationship |
that the GRUI 200 visually conveys to the user in Fig. 5, that being that “vol02” is an
MVS volume (arrangement icon 210-10) that resides on the Symmetrix 08 storage
system (represented by object icon 205-3), no longer applies since the user removed
the volO2@Symm0.8 icon from sub-list 213. Its removal causes the relationship
engine 553 to adjust the content of the arrangement descriptor 410 (Fig. 10)
corresponding to the MVS group arrangement icon 210-7 by removing “vol02” from
the “DESCRIPTOR CHILDREN?” field 663 (Fig. 10). When the content of the
arrangement descriptor 410 (Fig. 10) changes, effectively, the relahonsh1ps between
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deécriptors change. As such, the relationship eﬁgine 553 recalculates the contents of
the GRUI 200 represented by the descriptor tree 555 to reflect the changed
relationships. The system then re-draws the GRUI 200 to not include the MV S
arrangement icon 210-1 or it’s sub-list 340 and to not include the vol02@Symm08
icon in sub-list 213. This example thus illustrates how the relationship engine 553

can update icons that correspond to the icon selected by the user in other parts of the
GRUI 200 as well as other icons and portions of the GRUI 200 that do not d1rectly .
correspond to the icon selected by a user. g '

Moreover, as will be explained in more detail, the relationships themselves
which, in the former examples are defined by relationship furictions, can be specified
elsewhere. For example, they may be inherent i in the attributes or propertles of obJect
or arrangement descriptors stored in the memory 110-5, or they may bé stored as o
separate functions in a database, a ﬁle orin another conﬁguratlon mdependently of
the hierarchy data. - : T A '

Still further, the’ (JRUI (e £., 200) provided by the system of this invention can’ *
invoke (or not) actual changes in the configuration of entities represented inthe )
GRUL As example with respect to Fig. 3, when a user selects the “Volumes”
arrangement icon 210-4 and “pulls-down™ the selection menu 300, the GRUI 200
provides a “Delete from Symm 08...” option 305 that the user may choose to select.
According to this invention, if the user selects thlS delete option 305 from the menu,
two results can be obtained, each depending on the embodimenté of the invention. In
one embodiment, the result would be to only remove the selected arrangement icon
210-4 from the view on the GRUI 200. This would clear up the view of the GRUI
200 for a user, which may clarify his or her understanding of the relationships on
display within the GRUI 200. This action however might not have any effect on the
actual volumes. In other words, the delete selection 305 can be provided in one
embodiment to simply remove the selected portion of the hierarchy from the visible
GRUI 200 display without altering any actual volume configuration information in
any volumes.

Alternatively, in another embodiment, if a user selects the delete option 305,
the intent of the user might be to actually change the configuration of the SymmO08
storage system so that the selected volumes indicated by arrangement icon 2104 are
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actually to be deleted from the storage system. Whether this change can possibly be

.implemented by the computing system 110 (i.e., whether the volumes ceuld actually

be physically deleted) is a detail not of concern to this invention. Rather, the point is
that the method using the GRUI 200 of the invention can include conventional

- graphical user interface editing operations such as moving folders, copying files,

deleting entities, and so forth. One advantage that this invention provides however

over conventional graphical user interfaces is that the relationships depicted in the

GRUI of the invention can indicate infermation not formerly available in '

conventional graphical user interfaces which can thus aide a user in his or her

decision to take a spécific actlon (e g., to delete a volume). .
) As a speclﬁc example of the benef}ts of thlS aspect of the mventlon, as shown .

in Fig. 2 the GRUI 200 of this inventjon clearly illustrates in one concise area of the ...

display 110- 3 the fact that volumes “volOS” on storage system “Symm 07” and

“vol05” on storage system “Symm 08” each contain some Windows NT operating

system information (e.g., perhaps. they are, conﬁgured with Wmdows NT file-

systems). This multi-relationship display result, when v1ewed by a user, might cause

the user, by way of example only, to delete these volumes in effort to clean up any
Windov./s NT data from those storage systems. Perhaps this might be done in
response to the user (systems manager) removing all Windows NT computing
systems (e.g., computing system 130 in Fig. 1) from the network environment, in |
which case those volumes might no longer be needed and thus this disk space can be
released for other purposes. B |

The GRUI provided by the system of the invention also supports recursive
hierarchies. A recursive hierarchy may be, for instance, one in which an icon can be
displayed multiple times within a single hierarchical tree, usually at different levels in
the tree, but under a common parent icon in the tree. As noted in the summary of the
invention section above, the tern “recursive” hierarchy as used herein generally
implies the ability of the GRUI of this invention to display an icon in multiple places
on the GRUL The GRUI may thus display an icon a parent icon and then again as a
child icon at some point beneath the parent icon representing the same descriptor, or,

the same icon may be dlsplayed in multiple places on the GRUI that are not

necessarily related to one another in a hierarchical manner. In this instance, the
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ability of the invention to display icons “recursively” actually represents more of a
display of an arbitrary relationship between the icons, or a many-to-many
relationship. -

While not specifically shown in the figures, an example of a recursive
hierarchy of which a GRUI of the invention can display can be easily explained with
reference to the connection relationships between the computing systems 110 through |
140 shown in Fig. 1. As previously noted, the example inter_cqnnectiops befween 3 |
computing systems 110 through lt'l'O‘in Fig. 1 are npﬁ-hiexfarchical.peef-_to-peer
connections. 'I_'héy can however be modeled by a GRUI of the inyentidr; 'toi appear as

follows:

“Entire Network”

[13 A’S ]

“B” P S PRI

“C”

“D”
where “Entire Network™ is an arrangement icon and “A” through “D” are object icons
representing object descriptors in memory 110-5 for each computing systems 110
through 140. Using the techniques discussed herein, the invention can provide a
hierarchical style GRUI to display connection relationships between the computing

systems to a user, for example as follows:

“Entire Network”
(13 A” »
“Connected Computers™
“B”
“C” <
“B”
~ “Connected Computers™
(<3 A”
‘5C”
“Connected Computers”
(13 A”
SCD”
EGD”

“Connected Computers”
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"‘C” ' -
“Connected Computers” ,
e ‘6A”
“P” . N

where “Connected Computers™ is alsb an arrangement icon. This arra.ngemént canbe |
implemented using the techniques and mechanisms discussed above. Also as
explained previously, ihe above exar‘riple shows how aﬁ.icon can be a text label only,
with no accompanying graphic. Such a text-only represéntation of icons can be”
useful, for example, in character based displays that might use command line
interfaces to allow users to input relationship selections.

This particular example shows how the hierarchical form of a display, as'can
be provided by embodiments of this invention, has a use even when relationships are -
purely non-hierarchical in nature. Also illustrated above is the fact thafthe
embodiments of the invention allow a given item (e.g., “A”) to appear in more than
one place in the display at one time. This is the recursive feature of the graphical user -
interface of the embodiment of the invention. C o -

As noted above, what is meant by “recurﬁve” is that an icon can be shownin - =
more than one location, and the duplicate location need not be actually recursive to an
ancestor icon (though it may, as will be explained), but could, as shown here, be
displayed to illustrate many-to-many relationships or any other arbitrary
relationship(s). Another example of the embodiment’s ability to display a recursive
hierarchy is shown in the expansion (in the above example) of the “C” computer
under the already expanded “D” computer. This expansion of the “C” computer
under the “D” computer again shows that computers “A” and “D” are connected to
«“C.” Since this expansion is being done “under” “D,” the “D” computer shown under
the upper-most (i.e., the first expanded) “D” computer is duplicative.

This embodiment of the invention allows such relationships to be displayed.
Users are not typically confused by this recursion or re-occurrence of items in
multiple places in the graphical user interface of the embodiment of this invention
because the parent child rglationships make clear which multiple relationships that are
displayed at one time.
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Those skilled in the art will understand that there can be many variations made
to the operations of the user interface explained above while still achieving the same
objectives of the embodiments of the invention. Such variations are inténded to be

covered by the scope of the embodiments of this invention.
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What is claimed is:

1. Ina comput'er.syst:ein having a memory system and a display that displays a
graphical user interface, a method for presenting relationships between icons fo a user
of the computer system, the method comprising the steps of:
displaying a plurality of icons in the graphical user interface on the display;
receiving a user selection of an icon from the plurality of icons;
receiving a relationship selection selected by the user that corresponds to the
icon selected by the user; -
performing a relationship function identified by the relationship selection
selected by the user, the relationship function being performed upon a descriptor in
‘the memory system that is related, according to the relationship selection, to the icon
selectéd by the user, the relationship function producing a display result that includes
an arrangement icon that represents a newly displayed relationship to the icon selected
by the user; and
displaying a representation of the display result in the graphical user interface
on the display. ‘

2. The method of claim 1 wherein the step of displaying a plurality of icons displays
a hierarchical configuration of object icons and arrangement icons on the graphical

" user interface, each object icon representing a respective object descriptor within the

memory system and each arrangement icon representing a respective arrangement
descriptor within the memory system and each arrangement descriptor representing at
least one relationship between certain of the object descriptors within the memory -

system.

3. The method of claim 2 wherein each object descriptor and each arrangement
descriptor is maintained in a descriptor tree, and wherein arrangement descriptors

defined in a first level of the tree serve as group arrangement descriptors.

4. The method of claim 1 wherein the step of receiving a relationship selection

selected by the user includes the steps of:
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dynamically determm.mg a set of relatlonsh1ps that are applicable to the icon
selected by the user;

displaying the set of relationships on the graphical user interface in a
relationship selection menu; and ‘

allowing the user to select the relationship selection from the set of

relationships displayed on the graphical user interface.

5. The method of claim 4 wherein the step of dynaxmcally determining a _se‘tfof .
relationships that are applicable to the icon selected by the user includes the steps of:
determining an identity of a descnptor in the memory system that corresponds
to the icon selected by the user; o C ' ' ‘
determ1mng a list of selected icon chlld descnptors related fo the descnptor in
the memory system that corresponds to the i 1con selected by the user' _ -
for each selécted icon chlld descnptor in the list of selected 1con child
descriptors, determmmg a list of g group arrangement descnptors in the memory system '
that include a relation to that selected icon child descriptor; and
creating a relationship selection in the set of relaﬁonships for each unique
group arrangement descriptor existing in the list of group arrangement descriptors for

each selected icon child descriptor.

6. The method of claim 5 wherein the step of performing a relationship function
includes the steps of: o

determining a group arrangement descriptor in the memory system that
corresponds to the relationship selection selected by the user;

determining a list of group child descriptors related to the group arrangement
descriptor in the memory system that corresponds to the relatlonsth selection
selected by the user;

creating a sub-list of child descriptors that depends hierarchically from the
descriptor in the memory system that corresponds to the icon selected by the user, the
sub-list of child descriptors including a reference to each group child descriptor in the
list of group child descriptors; and



10

15

20

25

30

WO 01/79982 PCT/US01/11792
-50-

producing a display result that mcludes icons correspondmg to each child
descriptor in the sub-list of child descnptors

7. The method of claim 6 wherein the step of creating a sub-list of child descriptors
includes the step of: |

for each selected icon child descnptor in the list of selected icon child
descriptors, determm.mg which group child descriptor in the list of group child
descriptors contains a relation to that icon ch1ld descnptor and addmg that group child
descnptor to the sub-hst of ch11d descnptors
8. The method of cla1m 5 y\therel‘n the step‘ of determlmng a hst of group arrangement
descnptors in the memory system that mclude a relatlon to that selected icon ch11d |
descnptor determlnes a hst of group arrangement descnptors in the memory system '
that include a relatlon to that selected icon chxld descnptor other than an arrangement
descriptor correspondmg to the 1con selected by the user.
9. The method of claim 1 wherem the step of recelvmg a relatlonsh1p selectlon
selected by the user includes the steps of:

determining an identity of a descriptor in the memory system that corresponds h
to the icon selected by the user;

determining a set of relationships identified within the descriptor that
corresponds to the icon selected by the user;

displaying the set of relationships on the graphical user interface; and

allowing the user to select the relationship selection from the set of

relatlonshlps dlsplayed on the graphical user interface.

10. The method of claim 9, wherein the step of determining a set of relationships
identified within the descnptor that corresponds to the icon selected by the user
includes the steps of: :

identifying object properties of the descriptor in the memory system that

correspond to the icon selected by the user; and
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creating a relationship selection in the set of relationships for each unique
object property identified in the descriptor in the memory system that corresponds to

icon selected by the user.

'11. The method of claim 9 wherein the step of performing a relationship ﬁmctlon
includes the steps of: ‘ ' s
.determining a list of selected icon child descriptors related to the descnptor in
the memory system that corresponds to the icon selected by the user, B
sorting the list of selected icon chrld descnptors based on at least one property
of each selected icon child descnptor, the at least one property correspondmg to the

: relatlonshlp selection selected by the user;

based on the step of sorting, producmg a sub-hst of child descnptors that
depend hlerarchlcally from the descnptor in the memory system that corresponds to
icon selected by the user, the sub-list of child descnptors mcludmg at least one ‘

arrangement descnptor correspondmg to the at least one property correspondmg to the '

relationship selection selected by the user, and

producing a display result that includes icons for each child descriptor in the

' sub-list of child descriptors.

12. The method of claim 1 wherein the step of perfonﬂing a relationship function
includes the steps of: _ ) '

determining a list of selected icon child descriptorslrelated to a descriptor in
the memory system that corresponds to the icon selected by the user;

sorting the list of selected icon child descriptors based on at least one property
of eech selected icon child descriptor, the at least one property corresponding to the
relationship selection selected by the user; and - '

based on the step of sorting, producing a sub-list of child descriptors that
depend hierarchically from the descriptor in the memory'system that corresponds to
the at least one icon selected by the user, the sub-list of child descriptors including at
least one arrangement descriptor corresponding to the at least one property

corresponding to the relationship selection selected by the user; and
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producing a display result that includes icons for each child descriptor in the

sub-list of child descriptors.

13. The method of claim 12 wherein:

the relationship selected by the user indicates that the user desires to sort by
name a list of selected icon child descriptors that relate to a descriptor in the memory
system that corresponds to the icon selected by the user; |

and wherein the step of sortmg condenses the list of selected icon chrld
descnptors into the sub-list of chlld descnptors based on a name of each selected icon
child descnptor a.nd based ona total number of selected icon chlld descnptors the
sub-list of child descnptors havmg less descnptors than the hst of selected icon chrld
descnptors and .

wherein the sub-list of chrld descnptors mcludes at least one chrld descrlptor
that is an arrangement descnptor that represents more than one selected icon ch11d
descriptor and that may be expanded to produce a d1splay result that shows each

selected icon child descnptor which that arrangement descnptor represents

14. The method of clarm 1 wherein the stcp of performmg a relanonshrp function
includes the steps of:

determining a group arrangement descriptor in the memory system to
corresponds to the relationship selection selected by the user;

determining a list of group child descriptors related to the group arrangement
descriptor in the memory system that corresponds to the relationship selection
selected by the user; - '

creating a sub-list of child descriptors that depends hierarchically from a
descriptor in the memory system that corresponds to the icon selected by the user, the
sub-list of child descriptors including a reference to each group child descripto_r in the
list of group child descriptors; and

producing a display result that includes icons for each child descriptor in the

sub-list of child descriptors.
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15. The method of claim 14 wherein the step of creatmg a sub-list of child descnptors

’mcludes the steps of:

determining a list of selected icon child descriptors related to the descriptor in
the memory system that corresponds’ to the icon selected by the us'ef; and

for each selected icon child descriptor in the list of selected icon child
descriptors, determining which group child descriptor in the list of group child
descriptors contains a relation to that icon child descnptor and addmg that group child
descnptor to the sub-list of child descnptors

16. The method of claim 1 further iﬁcludiﬁg the steps of:”

receiving a user selectlon of an i¢on to expand w1thm theé plurallty oficons’
displayed on the graphical user interface; ’ ' '

determining an 1dent1ty of a descnptor m the memory system that corresponds ‘
to the icon selected to expand; A L '

" determining a sub-list of selected icon ehﬂdrdeeériotors related to the
descriptor in the memory system that corresponds to the icon 'selected by the user; and "'

producing a display result that includes icons for each selected icon child
descriptor in the sub-hst of selected i icon child descnptors )

17. The method of claim 1 wherein:

the relationship selection selected by the user specifies a grouping by which to
arrange the icons related to the icon selected by the user; and

wherein the relationship functioo produces a display result containing icons
arranged according to the specified grouping.

18. The method of claim 17 wherein the display result includes a sub-list of at least
one icon, the sub-list of at least one icon including an icon for each value of the
specified grouping to which a child descriptor of a descriptor related to the icon
selected by the user belongs. '

19. The method of claim 17 wherein the graphical user interface is provided by a

storage system management application and wherein certain icons displayed on the
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graphical user interface represent entities related to a storage system and certain other

icons identify relationships between certain entities related to a storage system.

20. The method of claim 19 wherein certain icons w1thm the graphical user interface
identify relationships between operating system types and locations of entities related

to a storage systerr}.

21. The method of claim 1 whereih: _ : ) _
the relationship selection selected by the user iﬁdicates that the user desires to ’
sort by name a list of selected icon child dwcriptcrs that relate to a descriptor in the
memory system that corresponds to the icon selected by the user; |
and wherein the step of performmg the relatlonshlp function condenses the list
of selected icon ch11d descnptors mto a sub-hst of child descriptors based on a name
of each selected icon child descnptor and based ona total number of selected i 1con
child descnptors, the sub-list of ch11d descnptors havmg less descrlptors than the hst
of selected icon child descriptors; and L
' wherem the relationship funcuon produces a dlsplay result that mcludes icons
corresponding to descriptors in the sub-list of child descnptors, the sub-list including
at least one child descriptor that is an arrangement descriptor that represents more
than one selected icon child descriptor and that may be expanded to produce a display
result that shows each selected icon child descriptor which that arrangement

descriptor represents.

22. The method of claim 1 wherein the relationship selection selected by the user
specifies a condense relationship function to display a condensed view of a sub-list of
icons that depend from the icon selected by the user; and
wherein step of performing a relatlonsth functlon performs the steps of
determining that a number of icons to be dJsplayed below the
icon selected by the user exceeds a predetermined number;
condensing the number of icons to be displayed into e list of

series arrangement icons; and
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providing the condensed list of series arrangement icons in the

: display result.

23. The method of claim 22 wherein the step of condensing includes the steps of:
computmg the square root of a total number of icons to be displayed;
providing, in the display result, a number of series arrangement icons equal in

number to a truncated value of the square root of the total number of 1cons tobe

displayed; and ' o RIS

determining if the square root multiplied by the square root is less than the
total number of icons to be displayed, and if so, prov1dmg one extra series |
arrangement icon to be displayed in the display result.

24. A method for s1mu.ltaneously dlsplaymg multlple relatlonshlps between entltles
managed by a soﬁware apphca’uon, the method compnsmg the steps of:

mamtammg, 1n a memory system, a plurahty of object descnptors each Ob_] ect
descnptor representmg an entity managed by the Software apphcatlon,

displaying, in a graphlcal user mterface on a display, at least two arrangement
icons that include a relatlonshlp to a common ob_] ect descriptor; and

displaying, on the graphical user interface, an object icon representmg the
common object descriptor, the object icon displayed in relation to the at least two
arrangement icons that include the relationship to the common object descriptor in
order to convey to a user of the graphical user interface that the at least two

felaﬁonships represented by the arrangement icons relate to the object icon.

25. The method of claim 24 wherein: : _
the step of displaying; on a graphical user interface, the at least two
arrangement icons displdys the at least two anangement icons hierarchically under the
object icon representing the common object descriptor;
wherein the method further includes the steps of:
receiving a relationship selection selected by the user that

corresponds to one of the at least two arrangement icons; and
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in response to the step of receiving a user selection ofa
relationship, expanding the one of the at least two arrangement icons to
produce a sub-list of icons that are related to the common object icon

based upon the relationship selected by the user.

26. The method of claim 24 further including the step of displaying in more than one
location in the graphlcal user mterface, an 1con representmg a descriptor, such that the

graphical user interface represents a recursive hierarchy.

27. A computer system, compnsmg o

adisplay; ) T

a memory system;

a processor; and ; ‘

a bus connectmg the dlsplay, the pl:ocessor and the memory system

_wherein the memory system 1s encoded w1th an apphcatlon that when | _
performed on the processor, causes the processor to provxde a graphmal user mterface
on the display of the computer system, the graphlcal user mterface dlsplaymg a
plurality of icons on the dtsplay to a user of the computer system and receiving, via a
user input device coupled to the bus, a user selection of an 1con from the plurality of
icons and further recelvmg, via the user mput device, a relatlonsmp selection selected
by the user that corresponds to the icon selected by the user;

wherein when the application is further performed on the processor, the
application causes the processor to perform a relationship function identified by the
relationship selection selected by the user, the relationship function operating upon a
descriptor in the memory system that is related, according to the relationship
selection, to the icon selected by the user, the relationship function producing a
display result that includes an arrangement icon that represents a newly displayed
relationship to the icon selected by the user; and

the processor displaying a representatlon of the display result in the graph1ca1

user interface on the display.
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28. The computer sysrem of claim 27 wherein when the processor performs the
operation of receiving a relationship selection-selected by the user, the processor
performs the operations of:

dynamrcally determmmg a set of relationships that are apphcable to the icon
selected by the user; .

displaying, on the display, the set of relationships on the graphical user
interface in a relationship selection menu; and

allowing the user to select, via the user mput dewce the relatlonshlp selectlon ’

from the set of relatxonshlps dlsplayed on the graphlcal user mterface

29. The computer system of c1a1m 28 wherem when the processor performs the
operation of dynamically determmmg a set of relatlonsths that are apphcabIe to tﬁe
icon selected by the user, the processor performs the operatrons of: |

determm.mg an rdentlty of a descnptor m the memory system that corresponds
to the icon selected by the user; ‘ ' '

determxmng a list of selected icon ch11d descnptors related to the descnptor in o
the memory system that corresponds to the i icon selected by the user;

for each seleoted icon child descriptor in the list of selected icon child
descriptors, determining a list of group arrangement descriptors in the memory system
that include a relation to that selected icon child descriptor; mrd

creating a relationship selection in the set of relationships for each unique
group arrangement descriptor existing in the list of group arrangement 'descn'ptors for

each selected icon child descriptor.

30. The computer system of claim 29 wherein when the processor performs the
operation of performing a relationship function, the processor performs the operations
of: determining a group arrangement descriptor in the memory system that
corresponds to the relationship selection selected by the user; ’
determining a list of group child descriptors related to the group arrangement
descriptor in the memory system to corresponds to the relationship selection selected

by the user;
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creating a sub-list of child descriptors that depends hierarchically from the
descriptor in the memory system that correSponds to the icon selected by the user, the
sub-list of child descriptors including a reference to each group child descriptor in the
list of group child descriptors; and

producing a display result that includes icons corresponding to each child

descriptor in the sub-list of child descriptors.

31. The computer system of claim 27 wherein. when the processor performs the
operation of performmg a relatlonshlp functron, the processor performs the operauons.
of: determining a list of selected 1con child descriptors related to a descriptor in
the memory system that corresponds to the icon selected by the user;

sortmg the hst of selected 1con ch_xld ‘descnptors based onat least one property N
of each selected icon ch1ld descnptor, the at least one property correspondmg to the
relatlonshlp selectlon selected by the usgr, and K ]

" based on the step of sortmg, producmg a sub-hst of ch1ld descnptors that |
depend hierarchically from the descnptor in the memory system that corresponds to
the at least one icon selected by the user, the sub-hst of child descriptors including at
least one arrangement descriptor correspondmg to the at least one property
corresponding to the relationshjp selection selected by the user; and -

producing a dlsplay resultl that includes icons for each child descriptor in the

sub-list of child descriptors.

32. The computer system of claim 27 wherein when the processor performs the
operation of performing a relationship function, the processor performs the operations
of: 7

determining a group arrangement descriptor in the mem0ry‘ system to
corresponds to the relationship selectlon selected by the user;

determmmg a list of group child descriptors related to the group axrangement
descnptor in the memory system to corresponds to the relationship selection selected
by the user; ‘

creating a sub-list of child descriptors that depends h1erarchzcally from a

descriptor in the memory system that corresponds to the icon selected by the user, the "
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sub-list of child descriptors including a reference to each group child descnptor in the
list of group child descnptors and

producing a display result that 'mcludes icons for eech child descriptor in the
sub-list of child descriptors. |

33. The computer system of c1a1m 27 wherem the processor further performs the i
operations of: _

receiving a user selection of an icon to expand w1thm the plurahty of 1cons
displayed on the graphical user interface; A

‘ determmmg an identity of a descnptor in the memory system that corresponds

to the icon selected to expand; .

determmmg a sub-hst of selected i icon ch11d descriptors related to the
descriptor in the memory system ‘that corresponds to the 1con selected by the user; and

producmg a d1splay result that mcludes 1cons for each selected icon chxld

descriptor in the sub-list of selected icon child descnptors

34. The computer system of claim 27 wherein:

. the relationship selection selected by the user indicates that the user desires to
sort by name a list of selected icon child descriptors that relate to a descriptor in the
memory System that corresponds to the icon selected by the user;

and wherein when the processor performs the operation of performing the
relationship function, the relationship function condenses the list of selected-ic‘:on
child descriptors into a sub-list of child descriptors in the memory system based on a
name of each selected icon child descriptor and based on a total number of selected
icon child descriptors, the sub-list of child descriptors having less descriptors than the
list of selected icon child descriptors; and ' )

wherein the relationship function, when processed by the processor, produces
a display result that includes icons corresponding to descriptors in the sub-list of child
descriptors, the sub-list including at least one child descriptor that is an arrangement
descriptor that represents more than one selected icon child descriptor and that may be
expanded to produce a display result that shows each selected icon child descriptor

which that arrangement descriptor represents.
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35. A computer program product havihg a computer-readabie medium including
computer program logic encoded thereon that when executed on a computer system
having a coupling ofa memory system, a processor, and a dJSplay that displays a
graphical user interface, wherein the computer program logic provides a method for |
presenting relationships between icons to a user of the computer system, and wherein
when the computer program logic is executed on the processor, the computer program
logic causes the processor to perform the operations of:

dlsplaymg a plurahty of icons on the graphlcal user mterface

recelvmg a user selectlon of an icon from the plurahty of icons;

' recelvmg a relatlonshlp selectlon selected by the user that corresponds to the

icon selected by the user; _ ,

performmg a relatlonshlp _ﬁmehon 1dent1ﬁed by the relatlonshlp selectlon

]

selected by the user, the relatlon_shlp functwn bemg performed upon a descnptor in

the memory system that is relate;i; eccor&lng to the relatlonshxp selectlon to the icon

selected by the user, the relatlonshrp f\mctron producmg a drsplay result that mcludes

an arrangement icon that represents a newly displayed relationship to the icon selected

by the user; and | '
displaying a representatlon of the d1sp1ay result in the graphmal user interface

on the display.

36. The computer program product of claim 35 wherein when the computer program
logic causes the processor to perform the operation of receiving a relationship
selection selected by the user, the computer program logic causes the processor to
perform the operations of: '

dynamically deterrmnmg aset of relauonshlps that are apphcable to the icon
sélected by the user; |

displaying, on the display, the set of relauonshlps on the graphical user
interface in a relationship selection menu; and ‘

allowing the user to select, via the user input device, the relationship selection

from the set of relationships displayed on the graphical user interface.
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37. The computer program product of claim 35 wherein when the computer program
logic causes the processor to perform the operation of dynamlcally determining a set
of relationships that are applicable to the icon selected by the user, the computer
program logic causes the processor to perform the operations of:

determining an identity of a descnptor in the memory ‘'system that corresponds
to the icon selected by the user; '

. determining a list of selected icon child descrlptors related to the descnptor in

the memory system that corresponds to the icon selected by the user !

for each selected icon child descnptor in n thie list of selected 1con chlld
descriptors, determxmng a list of group arrangement descrlptors in the memory system
that include a relation to that selected icon ch11d descnptor and S

creating a relationship selectlon in the set of relatlonshrps for each umque
group arrangement descnptor emstmg in the hst of group arrangement descnptors for
each selected icon Chlld descnptor S ' o

38. The computer program product of claim 37 wherein when the computer program
logic causes the processor to perform the operation of performing a relationship
function, the computer program logic causes the processor to perform the operations
of: ' ' '

determining a group arrangement descriptor in the memory system that
corresponds to the relationship selection selected by the user;

determining a list of group child descriptors related to the group arrangement
descriptor in the memory system to corresponds to the relationship selection selected
by the user;

creating a sub-list of child descriptors that depends hierarchically from the
descriptor in the memory system that corresponds to the icon selected by the user, the
sub-list of child descriptors including a reference to each group child descriptor in the
list of group child descriptors; and

producing a display result that includes icons corresponding to each child
descriptor in the sub-list of child descriptors.
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39. The computer program product of claim 35 wherein when the computer program
logic causes the processor to p'erform the operation of performing a relationshlp
function, the com_pnter program logic causes the proce-ssor.to perform the operations
of: ' ‘ - A _ .

determining a list of selected icon child descriptors related to a descriptor in
the memory ’system that corresponds to the icon selected by the user;

sortmg the list of selected icon ch11d descriptors based on at least one property
of each selected icon child descnptor the at least one property correspondmg to the
relationship selectlon selected by the user; and

based on the step of sortmg, producmg a sub-hst of child descriptors that
depend hlerarchma]ly from the descnptor in the memory system that corresponds to
the at least one icon selected by the user, the sub—hst of child descrlptors mcludmg at
least one arrangement descnptor correspondmg to the at least one property
correspondmg to the relationship selectlon selected by the user and

producing a display result that includes icons for each Chlld descnptor in the
sub-list of child descriptors.

40. The computer program product of claim 35 wherem when the compnter program
logic causes the processor to perform the operation of performing a relationship
function, the computer program logic causes the processor to perform the operations
of: |

determining a group arrangement descriptor in the memory system to
correspond to the relationship selection selected by the user;

determining a list of group child descriptors related to the group arrangement
descriptor in the memory -system to corresponds to the relationship selection selected
by the user;

creatmg a sub-list of child descnptors that depends h1erarch1ca11y from a
descriptor in the memory system that corresponds to the icon selected by the user, the
sub-list of child descriptors including a reference to each group child descriptor in the
list of group child descriptors; and

producing a display result that includes icons for each child descriptor in the
sub-list of child descriptors.
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41. The computer program product of claim 35 wherein the cornputer program logic |
further causes the processor to perform the operations of: o

receiving a user selectlon of an icon to expand ‘within the plurahty of icons
displayed on the graphma.l user mterface,

determining an 1dent1ty ofa descriptor in the memory system that corresponds
to the icon selected to expand;

determining a sub-list of selected icon chlld descriptors related to the
descriptor in the memory system that corresponds to the i icon selected by the user; and '

" producing a display result that mcludes 1cons for each selected tcon chlld

descriptor in the sub-list of selected lcon chlld descnptors '; o

42. The computer program product of cla.lm 35 wherem when the computer program
logic is executed on the processor: Pk et

the relationship selection selected by the user indicates that the user desues to ;
sort by name a list of selected icon child descriptors that relate to a descriptor in the
memory system that corresponds to the icon selected by the user; |

and wherein when the processor performs the operation of performing the
relationship function, the relationship function condenses the list of selected icon
child descriptors into a sub-list of child descriptors in the memory system based on a
name of each selected icon child'descriptor and based on a total number of selected
icon child descriptors, the sub-list of child descriptors having less descriptors than the
list of selected icon child descnptors, and '

wherein the relationship function, when processed by the processor, produces
a display result that includes icons corresponding to descriptors in the sub-list of child
descriptors, the sub-list including at least one child descriptor that is an arrangement
descriptor that represents more than one selected icon child descriptor and that niay be
expanded to produce a display result that shows each selected icon child descriptor

which that arrangement descriptor represents.
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.43. In a computer system having a memory system and a display that disple.ys a
graphical user interface, a method for presenting relationships between icons to a user
of the computer system, the method compnsmg the steps of:

! displaying a plurality of icons in the graphical user mterface on the display;

receiving a user selection of an icon from the plurality of icons;

receiving a relatlonshlp selec’uon selected by the user that corresponds to the
icon selected by the user; '

performmg a relationship functlon identified by the relatlonshlp selectlon

selected by the user the relauonsh1p ﬁmctlon being performed upon a descnptor in

the memory system that corresponds to the i 1con selected by the user, the relatxonshlp
function producing a display result that mcludes a mod1ﬁed appearance of an icon that
is different than the icon selected by the user but that corresponds to the descnptor in
the memory system that corresponds to the i icon selected by the user; and

dJSplaymg a representatlon of the dlsplay resu.lt in the graph1cal user mterface -
on the display.

44. The method of claim 43 whereiu the .relatiouship fu_nctiou identified hy the
relationship selection selected by the user corresponds to at least one of a move, add,
copy, modify and delete relationship function that is performed dn the icon selected

by the user, and wherein the modi_ﬁed' appearance produced in the display result
indlicates the result of the relationship function upon the icon that is different than the
icon selected by the user but that corresponds to the descriptor in the memory system
that corresponds to the icon selected hy the user.

45. The method of claim 44 wherein the step of performing a relationship function
produces a display result that further includes a modified appearance of an icon that is
different than the icon selected by the user and that does not correspond to the

‘descriptor in the memory system that corresponds to the icon selected by the user.
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